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Editorial 


Traditionally  all  abstracts  of  contributions  submitted  to  the  23rd  General  Assembly 
are  included  free  of  charge  in  the  Annales  Geophysicae  Supplement  once  they  were 
accepted  by  the  appropriate  convener(s)  and  once  they  were  received  in  time,  in  the 
standard  format  and  of  sufficient  quality  for  reproduction.  Abstracts  submitted  for 
symposia  included  in  two  different  parts  of  the  Supplement  issue  are  included  (twice) 
in  both  parts,  respectively. 

Like  in  previous  years,  not  all  contributions  included  will  actually  be  presented. 
Because  of  the  lack  of  financial  support,  several  young  scientists  as  well  as  colleagues 
from  the  central  and  east-European  countries  will  not  be  able  to  participate  in  the 
meeting,  although  the  Society  has  continued  its  support  schemes,  such  as  the  Young 
Scientists'  Travel  Award  and  the  East  European  Support  Award.  In  this  way  there  are 
more  abstracts  included  in  the  Abstract  Book  than  contributions  compiled  in  the 
Programme  Book.  Therefore,  in  order  to  simplify  the  ordering  of  abstracts  within  an 
event,  we  have  adopted  the  alphabetical  order  with  respect  to  the  surname  of  the  first 
author  rather  than  the  order  of  presentation  in  the  Abstract  Book. 

With  almost  5.800  contributions  received,  this  Supplement  of  Annales  Geophysicae  has 
become  an  important  open  forum  for  fast  distribution  of  results  of  geophysical 
research  on  a  pan-European,  international  level,  helping,  at  the  same  time,  to  promote 
the  contact  between  all  geophysicists  in  Europe.  Please,  support  the  fostering  of 
cooperation  and  contact  your  colleagues  also  if  not  personally  present  this  time.  For 
this  reason,  the  authors  have  also  included  a  contact  e-mail  or  fax  number  in  their 
abstract  for  faster  correspondence. 

On  behalf  of  the  Society  I  am  very  pleased  to  welcome  you  to  Nice  on  the  occasion 
of  the  23rd  General  Assembly  of  the  European  Geophysical  Society.  May  your 
participation  in  this  meeting  be  successful  and  scientifically  rewarding. 

A.K.  Richter 
Executive  Secretary 
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OA20  Radiogenic  isotopes  as  tracers  of  source-areas  for  aerosols,  suspended 

matter  and  sediments  (co-sponsored  by  ST)  C  728 

OA21  Biogeochemical  interactions  in  the  coastal  marine  environment  C  730 

NP3  Transport  and  mixing  in  geophysical  flows  C  735 

04  Biological  processes  and  mixing  in  the  ocean  (joint  with  OA)  C  735 

05  Transport  and  mixing  of  chemical  species  in  the  atmosphere, 
including  urban  and  regional  problems  in  the  troposphere  and  global- 
scale  problems  in  the  troposphere  and  stratosphere  (joint  with  OA)  C  738 
OA22  Biogeochemical  processes  in  submarine  hydrothermal  systems  along 

the  Hellenic  Volcanic  Island  Arc  C  743 

ST15  Atmospheric  ozone  (joint  with  OA)  C  744 

01  Modelling  and  validation  with  satellite  data  C  744 

02  Polar  ozone  C  749 

03  Changes  in  UN-B  radiation  C  754 

04  Tropospheric  ozone  with  emphasis  on  the  Mediterranean  region  C  756 

05  Ozone  as  a  climate  gas  C  763 

ST17  Aviation  and  space  flight  (joint  with  OA)  C  765 

01  Aviation  impact  on  the  atmosphere  C  765 

02  Air  traffic  meteorology  and  weather  on  aviation  C  770 

OA23  Operational  oceanography:  existing  systems,  developments  and  future 

potential  q  773 

OA24  Marine  data  management:  assimilation,  hindcasting  and  nowcasting  C  783 

OA25  Developments  in  weather  forecasting  C  788 

OA26  Will  the  probabilistic  approach  be  the  future  for  numerical  weather 

predictions?  C  793 
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NPl  Scaling,  multifractals  and  nonlinear  variability  in  geophysics  C  796 

03  Scaling,  multifractals  and  nonlinearity  in  oceans  &  atmosphere 

(joint  with  OA)  C  796 

NH2  Meteorological  and  hydrological  hazards  (co-sponsored  by  HS)  C  801 

03  Flood  hazards  and  flood  risk:  regional  analysis  of  extremes  (joint 

with  OA)  C  801 

OA27  Marine  tropospheric  chemistry  C  804 


Part  III  Space  &  Planetary  Sciences 

IILl  SOLAR  TERRESTRIAL  SCIENCES  (ST) 


STl  Review  session  on  solar-terrestrial  sciences  C  827 

ST2  Open  session  on  the  middle  atmosphere  (co-sponsored  by  OA)  C  829 

ST3  C^en  session  on  the  ionosphere  and  thermosphere  C  838 

ST4  Open  session  on  the  magnetosphere  C  850 

STS  Open  session  on  solar  and  heliospheric  physics  C  859 

ST6  Nonlinear  dynamics  in  the  heliosphere  (co-sponsored  by  NP)  C  870 

ST7  Nonlinear  processes  in  the  ionosphere  and  magnetosphere 

(co-sponsored  by  NP)  C  875 

ST8  The  high-latitude  ionosphere  and  magnetosphere:  coupling  and  solar 

wind  forcing  C  880 

ST9  Effects  of  geomagnetic  storms  and  high-energy  particle  events  on  the 

ionosphere,  thermosphere,  and  middle  atmospehre  C  886 

STIO  Ionospheric  modelling  and  predictions  C  892 

STll  New  results  on  the  dynamics  of  the  Earth's  magnetosphere  from  the 

Interball  multi-spacecraft  missions  C  900 

ST12  Theory  and  simulations  of  solar  system  plasmas  C  907 

ST13  The  Sun:  SOHO  and  related  results  C  913 

01  Plasma  diagnosis  of  the  solar  atmosphere  by  photon  spectroscopy 

and  remote  particle  measurements  C  913 

02  Multi-wavelength  observations  of  solar  atmospheric  structure, 

evolution  and  eruptions  C  916 

ST14  Solar  imprints  in  terrestrial  archives  (co-sponsored  by  OA)  C  921 

ST15  Atmospheric  ozone  (co-sponsored  by  OA)  C  922 

01  Modelling  and  validation  with  satellite  data  C  922 

02  Polar  ozone  C  927 

03  Changes  in  UV-B  radiation  C  932 

04  Tropospheric  ozone  with  emphasis  on  d'e  Mediterranean  region  C  934 
05  Ozone  as  a  climate  gas  C  941 

ST16  Stratosphere-troposphere-exchange  (co-sponsored  by  OA)  C  943 

ST17  Aviation  and  space  flight  (co-sponsored  by  OA)  C  953 

01  Aviation  impact  on  the  atmosphere  C  953 

02  Air  traffic  meteorology  and  weather  impact  on  aviation  C  957 

OA18  Heterogeneous  and  homogeneous  chemistry  of  reactive  halogen 

compounds  in  the  lower  troposphere  (joint  with  ST)  C  965 
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OA19  Free-radicals  in  the  troposphere  (joint  with  ST)  C  973 

OA20  Radiogenetic  isotopes  as  tracers  of  source  areas  for  aerosols,  suspended 

matter  and  sediments  (joint  with  ST)  C  978 

NP3  Transport  and  mixing  in  geophysical  flows  C  980 

05  Transport  and  mixing  of  chemical  species  in  the  atmosphere, 

including  urban  and  regional  problems  in  the  troposphere  and  global- 
scale  problems  in  the  troposphere  and  stratosphere  (joint  with  ST)  C  980 

IIL2.  PLANETARY  AND  SOLAR  SYSTEM  SCIENCES  (PS) 

PSl  Planetary  interiors  q  935 

PS2  Evolution  and  state  of  surfaces,  crusts  and  lithospheres  of  planetary 

bodies  C  988 

PS3  Atmospheres  of  terrestrial  planets,  outer  planets  and  moons  C  996 

PS4  Planetary  magnetospheres  and  ionospheres  C  1003 

PS5  Small  bodies  of  the  solar  system  C  1010 

P^  Solar  system  radiophysics  and  related  topics  C  1015 

PS7  Laboratory  studies  and  observations  on  dust,  ices  and  organics  in  the 

solar  system  q  1020 

PS8  Meteorites  and  cosmochemistry  C  1026 

PS9  Lunar  exploration  q  1028 

PSIO  Interrelations  between  asteroids,  near-Earth  asteroids  and  meteorites  C  1033 

PSll  Observation  of  solar-system  objects  with  ISO  C  1036 

PS12  Planet  formation  and  extra-solar  planets  C  1042 

PS13  Mars  Pathfinder  Mission:  Update  C  1045 

Part  IV  Nonlinear  Geophysics  &  Natural  Hazards 

IV.l.  NONLINEAR  PROCESSES  IN  GEOPHYSICS  (NP) 

NPl  Scaling,  multifractals  and  nonlinear  variability  in  geophysics  C  1067 

01  Scaling,  multifractals  and  nonlinearity  in  Solid  Earth 

(co-sponsored  by  SE)  C  1067 

02  Scaling,  multifractals  and  nonlinearity  in  hydrology 

(co-sponsored  by  HS)  C  1071 

03  Scaling,  multifractals  and  nonlinearity  in  oceans  &  atmosphere 

(co-sponsored  by  OA)  C  1073 

04  Scaling,  multifractals  and  natural/man-made  hazards  (co¬ 
sponsored  by  NH)  Q  1079 

ST6  Nonlinear  d5mamics  in  the  heliosphere  (joint  with  NP)  C  1083 

NP2  Predictability  &  time  series  analysis  C  1088 

01  Quantifying  predictability  C  1088 

02  Execution  and  analysis  of  geophysical  laboratory  experiments  C  1091 

03  Nonlinear  time  series  analysis  C  1093 

NP3  Transport  and  mixing  in  geophysical  flows  C  1099 

01  Transport  and  mixing  in  stably  stratified  fluid  C  1099 
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02  Turbulence  and  mbdng  in  geophysical  flows,  effects  of  stratification 
and  rotation,  convection,  effect  of  coherent  structures,  Lagrangian 
chaos  C  1105 

03  Dispersion  in  two-dimensional  flows,  mixing,  anomalous  diffusion, 

experiments,  models  and  numerical  simulations  C  1110 

04  Biological  processes  and  mixing  in  tiie  ocean  (co-sponsored  by  OA)  C  1112 
05  Transport  and  mixing  of  chemical  species  in  the  atmosphere, 
including  urban  and  regional  problems  in  the  troposphere  emd 
global-scale  problems  in  the  troposphere  and  stratosphere 
(co-sponsored  by  OA  &  ST)  C  1116 

06  Mixing  in  the  interior  of  the  Eardi  (recycling  of  subducted  slabs) 

(co-sponsored  by  SE)  C  1121 

NP4  Nonlinear  waves,  coherent  structures  and  natural  hazards  C  1123 

01  Nonlinear  waves,  instabilities  and  wave-flow  interactions  C  1123 

02  Fluctuations,  self-organization  and  natural  hazards  (co-sponsored 

byNH)  C  1131 

03  Shallow  water  experiments  as  models  of  geophysical  and 

astrophysical  flows  C  1134 

SE27  Mechanics  of  tectonic  and  volcanic  earthquakes  (joint  with  NP)  C  1138 

SE31  Mechanics  and  thermalfluid-dynamics  of  volcanic  processes: 

modelling,  observations  and  laboratory  experiments  (joint  with  NP)  C  1141 
ST7  Nonlinear  processes  in  the  ionosphere  and  magnetosphere  (joint 

withNP) 

NP5  Vortex  dynamics 

IV.2.  STAARTE 

STAAARTE  STAARTE  Workshop 
IV.3.  NATURAL  HAZARDS  (NH) 

NHl  Extreme  events  in  the  sea  and  near  shore  and  coastal  hazards 
01  Sea  Surges  and  storms  (co-sponsored  by  NP) 

02  Submarine  landsliding 
03  Tsunamis 

NH2  Meteorological  and  hydrological  hazards  (co-sponsored  by  HS) 

01  Uncertainty  assessment  in  meteo-hydrologic  warning 
02  Prediction  of  hazardous  events  of  meteorological  origin 
03  Flood  hazards  and  flood  risk:  regional  analysis  of  extremes  (co¬ 


sponsored  by  OA)  C  1170 

04  Modelling  and  flood  mapping  in  rural  and  urban  areas  C  1172 

05  Shallow  landslides  and  rainfall  triggering  C  1176 

HSBl  Water  resources  research  C  1178 

02  Influence  of  environmental  and  antropogenic  change  on  flood 

processes  (joint  with  NH)  C  1178 

NH3  Earthquake  risk  mitigation  (co-sponsored  by  SE)  C  1181 

01  Models  and  methods  in  seismic  hazard  assessment  C 1181 


C  1146 
C  1150 


C  1156 


C  1159 
C  1159 
C  1162 
C  1163 
C  1166 
C  1166 
C  1162 
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02  Seismic  hazard  evaluation  in  high  seismicity  areas  by  observing 

precursory  phenomena  C  1185 

03  Macroseismics:  present  state  of  intensity-assessment  procedures 

and  future  perspectives  C  1192 

04  Active  fault  and  earthquake  risk  mitigation  C  1195 

05  Landslide  hazards  in  seismically  active  regions  C  1198 

06  Efficiency  of  building  codes  in  the  mitigation  of  the  vulnerability  C  1203 

07  Seismic  microzonation  in  lurban  areas  C  1204 

NH4  Volcanic  hazards:  field  studies,  instrumentation  and  observation 

networks  (co-sponsored  by  SE)  C  1208 

NH5  Geomorphological  hazards:  extent,  evaluation  and  mapping  techniques  C  1213 

NH6  Transfer  of  the  scientific  information  to  the  users  C  1218 


C1066 


NPl  Scaling,  multifractals  and  nonlinear  variability  in 
geophysics 

Convener:  Schertzer,  D. 

Co-Convener:  Lovejoy,  S.M. 

01  Scaling,  multifractals  and  nonlinearity  in  Solid 
Earth  (joint  with  SE) 

Convener:  Schmittbuhl,  J. 

Co-Conveners:  Bak,  P.;  Turcotte,  D.L. 


BURRlDGE-KNOPOFF  MODEL  AND  SELF-SIMILARITY 
P.GAkishin  (1,2,3),  M.V.Altaisky  (1,2,3,4),  I.Antoniou  (2,5), 
A.D.Budnik  (1,2)  and  V.V.Ivanov  (1,2) 

(1)  Laboratory  of  Computing  Techniques  and  Automation,  Joint  Institute  for 
Nuclear  Research,  Dubna,  141980,  Russia,  (2)  International  Solvay  Institute 
for  Physics  and  Chemistry,  CP-231,  ULB,  Campus  Plaine,  Bd.  du  Triomphe, 
1030,  Brussels,  Belgium,  (3)  European  Commision,  Joint  Research  Centre, 
1-21020  Ispra  (Va),  Italy,  (4)  Space  Research  Institute  RAS,  Profsoyuznaya 
84/32,  Moscow,  117810,  Russia,  (5)  Theoretische  Natuurkunde,  Free  University 
of  Brussels,  Brussels,  Belgium. 
altaiskyClinserv. jinr.ru/Fax;  [+007]  09621  63143 
The  seismic  processes  are  well  known  to  be  self-similar  in  both  spatial  and 
temporal  behavior.  At  the  same  time,  the  Burridge-Knopoff  (BK)  model  of 
earthquake  fault  dynamics,  one  of  the  basic  models  of  theoretical  seismicity, 
does  not  posses  self-similarity.  In  this  article  an  extension  of  BK  model,  which 
directly  accounts  for  the  self-similarity  of  earth  crust  elastic  properties  by  in¬ 
troducing  nonlinear  terms  for  inter-block  springs  of  BK  model,  is  presented. 
The  phase  space  analysis  of  the  model  have  shown  it  to  behave  like  a  system 
of  coupled  randomly  kicked  oscillators.  The  nonlinear  stiffness  terms  cause  the 
synchronization  of  collective  motion  and  produce  stronger  seismic  events. 


VARIATIONS  OF  PREDICTABILITY  OF  STRONG  EVENTS  IN 
A  HIERARCHICAL  MODEL  OF  SEISMICITY 
E.  M.  Blanter  and  M.  G.  Shnirman 

International  Institute  of  Earthquakes  Prediction  and  Mathematical  Geo¬ 
physics,  Varshavskoe  sh.  79  korp.2,  Moscow  113356,  Russia. 
blanterOium .  ips'.  ras .  ru/Fax:  [7]-(095)-3 10-70-32 

Predictability  of  strong  events  in  a  hierarchical  model  representing  general  fea¬ 
tures  of  seismicity  is  considered.  A  simple  algorithm  of  prediction  of  strong 
events  based  on  variations  of  the  average  magnitude  b  applied  in  order  to 
investigate  possible  Variations  of  the  predictability. 

Two  kinds  of  variations  of  the  predictability  are  obtained  for  the  given  algo¬ 
rithm.  The  predictability  strongly  depends  on  parameters  of  the  model:  pre¬ 
dictable  and  unpredictable  synthetic  catalogs  exist.  Strong  temporal  variations 
of  quality  of  prediction  is  obtained  for  the  fi.xed  algorithm  and  parameters  of 
modeling.  Temporal  variations  are  also  observed  for  the  optimal  threshold  of 
the  prediction.  Observed  variations  may  explain  variations  in  the  predictability 
of  strong  earthquakes  in  different  seismic  regions  and  the  difference  between 
the  retrospective  and  forward  prediction. 


EXPERIMENTAL  ANALYSIS  OF  FRACTURE  RUGOSITY  IN 
GRANULAR  AND  COMPACT  ROCKS 
J.M.  Boffa,  C.  AUain  and  J.P.  Hulin 

Laboratoire  FAST,  Batiment  502,  Campus  Parb-Sud,  91405  Orsay  (France). 
bolfaMast.last.u-psud.fr/Fax:  [-i-OS]  1  69  15  80  60 
Self-affine  properties  of  the  rugosity  geometry  for  fractured  granite  and  sand¬ 
stone  samples  have  been  compared  using  two  experimental  techniques.  Me¬ 
chanical  profilometry  measurements  on  granite  confirm  that  Hurst’s  exponent 
H  b  close  to  0.8  over  the  full  experimental  range  (50pm  -  10cm)  as  reported 
previously.  For  sandstone,  the  rugosity  spectrum  b  independent  on  the  frac- 
turation  velocity  but  follows  a  power  law  only  above  a  cutoff  length  scale  of  the 
order  of  the  grain  size.  Moreover,  the  value  of  H  in  the  self-affine  part  b  db- 
tinctly  smaller  (0.45  ±0.05)  than  for  granite.  Numerical  simulations  modelling 
the  faceted  shape  of  the  sand  grains  reproduce  the  cutoff  effect  while  keeping 
the  value  of  H  unchanged.  The  different  H  values  in  granite  and  sandstone  may 
reflect  the  extragranular  nature  of  fracture  in  the  latter  case.  These  results  are 
compared  to  measurements  of  the  lengths  of  shadows  on  such  surfaces  illumi¬ 
nated  under  grazing  incidence.  A  power  law  distribution  of  the  lengths  with 
and  exponent  -1-H  b  expected  up  to  a  cutoff  value  depending  On  the  amplitude 
of  the  rugosity  and  on  the  incidence  angle.  Diffusion  and  reflexion  phenomena 
give  varying  light  intensities  in  shadows  requiting  the  use  of  a  local  threshold¬ 
ing  algorithm.  Images  of  large  aspect  ratio  (8000  x  600)  are  used  to  improve 
the  measurement  statbtics  on  the  distribution.  Resuits  obtained  with  thb  tech¬ 
nique  are  in  fair  agreement  with  mechanicai  profilometry  measurements. 


BEHAVIOR  OF  THE  DIVERSITY  OF  FRAGMENTS  IN  PLATE 
BREAKING 

VJ».  Britof  a  M.A  F.  Gomes(2).  and  F.A  O  Souza(2) 

(1)  Departamento  de  Fisica,  Universidade  Federal  do  Piaui,  64049-550,  Teresina,  PL 
Btaza.  VJ>Brito@MNNet.ComBr/Fax: +55-86-232.2812 

(2)  Departamento  de  Fisica,  Untversidade  Federal  de  Pernambuco,  50670-901, 
Recife,  PE,  Brazil.  MAFG@NPD.UFPE.BR/Fax;  +55-81-271.0359 

Fragmentation  plays  an  important  role  in  many  geophysical  phenomena  e.  g.  in 
tectonics,  weathering,  and  natural  and  artificial  explosions.  In  t^  present  work,  we 
study  the  fiagmentation  ofbrittle  solids  (cement  and  cement-gypsum  plates  of  square 
shape  and  different  sizes)  under  application  of  periodic  impulave  fitrces,  empha^zing 
the  time  dependence  of  the  diversity  of  fragments.  D(t),  which  b  defined  as 
D(t)  »  £.6  (n{s.t)),  where  B{x)  »  1,  if  x  >  0,  and  0  otherwise.  We  have  observed 
from  the  experiments  several  relationships  between  D(t),  the  total  number  of 
fiagments.  N(t).  and  the  size  of  the  plates.  Extensive  computer  simulations  of  the 
processes  using  highperfonnairce  workstations  were  nra^  and  agree  with  the 
experimental  data.  Aniong  other  relatiorts  we  have  found  (i)  *  robust  scaling  relation 
between  the  maxinia  of  N(t)  and  D(t),  i.e.  0*)  the  number  of  fragments 

of  size  s  at  the  time  of  maximum  diversity,  n(s),  scales  as  n(s)  -  s'*  **®’\  in  close 
agreement  with  a  recent  study  of  self-organized  criticality  in  fragmenting. 


.A  FRACTAL  AFFROACH  TO  THE  STRCCTURAL  A.VALYSI5  OF 
melanges 

Filippo  CBttni  (1)  ft  Fwla  Viimucchi  (I) 

(1)  t^psitimento  di  Scienze  delb  Tem  •  UnivenitO  degli  Sudi  di  Firenze 
EnMil:  fcaani@geo.unifi.it  •  bx:  -^>39  SS  218628 

Melanges  exhibit  a  pronounced  non-cohereat  defomiation  and  the  recognition  of  this 
has  ir^iiionaJly  let  to  the  application  of  cbisical  methods  of  structural  geology 
developed  in  the  ductile  strain  regime.  Despite  their  chaotic  appearance,  rnelanges 
should  show  some  degree  ofiniemal  organization  that  traditional  methods  often  do  not 
take  in  right  perspective.  The  wide  variety  of  genetic  mechanisms  responsible  of 
melanges  formation  complicates  further  on  this  picture.  So  far  several  studies  have 
been  showing  that  exist  some  kind  of  geometric^  self-simibrity  relationship  among 
different  kind  of  melanges.  The  investipted  relationships  are  mainly  connected  with 
the  spatial  pattern  of  blocks  in  matrix  distribution  and  the  frequency  distribution  of 
blocks  themselves.  Based  on  these  fractal  properties,  our  attempt  concentrates  on  an 
^temative  approach  to  the  study  and  description  of  melanges.  The  studied  disrupted 
sequence  lies  on  western  coast  of  Tuscany,  near  the  ci^  of  Livorno.  Frorii  a 
stratigraphic  point  of  view  it  belongs  to  ^e  “Palombini  Shales*  forination  of 
Cretaceous  age.  It  consists  of  a  deformed  series  of  bedded  siltstones  and  limestones 
with  interbedded  shales  that  locally  can  become  predominant  over  the  competent 
lidK^ypes.  Much  of  the  sequence  is  coherent  but  disrupted  units  are  present  where  the 
shales  prevail  and  in  association  to  a  major  shear  zone.  The  deformarion  features 
recognized  here  are  both  symmetrical  and  asymmetrical  blocks,  isolated  hinges  often 
refolded,  pinch-and-swell,  while  the  tnitrix  is  characterized  by  scaly  fabric.  C>S- 
struciures  and  locally  by  some  creniilaiion  cleavage.  From  a  geometrical  point  of  view 
a  melange  can  be  considered  as  a  binary  system  in  which  the  blocks  ve  discriminated 
by  the  matrix.  The  fractal  model  diat  better  fits  this  system  is  the  Sierpinski  Carpet  that 
can  be  theoretically  built  starting  from  a  square  generator  unit,  dividing  each  side  of  it 
in  three  equal  portions  and  subtracting  the  central  ninth  each  time  for  an  infinite 
number  of  steps.  Obviously,  in  natural  systems,  the  best  fining  model  is  a  random 
version  of  the  theoretical  Sierpinski  fncul,  characterized  by  different  fractal 
parameters  that  give  us  a  sort  of  geometrical  "signature*  of  melanges.  The  application 
of  this  models  to  the  saidied  outcrops  can  lead  to  a  better  description  of  the  spatial 
distribution  ofthe  different  blocks  helping  in  the  3D  strain  analysis.  Besides,  be^se 
of  the  promptness  of  that  fractal  method,  it  can  also  be  used  as  a  preliminary  ^proach 
in  alternative  to  classical,  time-consuming  methods. 
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DETECTING  SCALING  LAWS  AND  NON-LINEAR  DINAMICS  IN 
GEOELECTRICAL  SIGNALS:  IMPLICATIONS  WITH  EARTHQUAKE 
PREDICTION. 

V.  Cuomo,  V.  Lapenna,  S.  Piscitelli  and  L.  Telesca  (IsL  di  Meusdologie  Avanzate  di 
Analisi  Ambienale,  Area  della  Ricerca  del  CNR,  85050  Tito  (PZ),  luly). 

M.  Macchiato  (Dip.  di  Scienze  Fisiche,  UnivereitO  di  Napoli,  Italy).  C.  Serio  (Dip.  di 
Ingegneria  e  Fisica  dell?Ambiente,  Univeisit6  della  Basilicata,  Potenza,  laly), 

In  this  woilc  precursory  geolectrical  time  series  measured  in  a  seismic  area  of  Southern 
laly  are  examined,  both  in  frequency  and  in  time  domains.  The  Higuchi  fracal 
method  to  estimate  the  spectral  power-law  index  has  been  applied,  because  the 
correlation  between  the  length  curve  L(t)  and  the  time  interval  t  is  better  than  the 
correlation  between  the  power  spectrum  P(f)  and  the  frequency  f.  In  the  time  domain 
we  analyzed  the  predictability  of  geoelectrical  time  series  by  using  two  forecasting 
autoregressive  approaches:  the  global  autoregressive  approximation  and  the  local 
autoregressive  approximation.  The  first  views  the  data  as  a  realization  of  a  linear 
stochastic  process,  whereas  the  second  one  considers  the  data  as  a  realization  of  a 
non-linear  deterministic  process.  The  comparison  of  the  predictive  skill  of  the  two 
techniques  is  a  powerful  test  to  discriminate  low-dimensional  chaos  by  random 
dynamics.  Our  findings  are  that  in  the  geoelectrical  precursory  signals  the  stochastic 
nature  is  predominant.  Then,  all  the  possible  implications  with  the  short-term 
earthquake  prediction  are  discussed. 


PRINCIPLE  OF  FASTEST  RESPONSE  IN  GEOPHYSICS,  HY¬ 
DRODYNAMICS,  ETC. 

G.  S.  Golitsyn 

A.M.Obukhov  Institute  for  Atmospheric  Physics,  Pyzhevsky  Lane,  3,  109017, 
Moscow,  Russia. 

nakhoT4omega.ifaran.ru/Fax:  [7]  093  933  16  52 

The  principle  says:  if  we  know  the  generation  rate  q  =  dA/dt  of  a  certain  value 
A,  then  A  ft:  qr,  where  r  is  the  shortest  time  the  system  in  consideration  has. 
In  nature  we  often  know  q,  such  as  the  solar  constant,  or  the  geothermal  heat 
flux  for  dynamics  of  atmosphere  and  ocean,  or  geodynamics.  In  hydrodynamics 
the  comparison  of  times  due  to  various  terms  in  the  Navier-Stokes  equation 
gives  usual  similarity  criteria  of  Reynolds,  Rossby,  Mach,  etc.  The  principle 
reproduces  readily  all  major  results  of  hydrodynamics  of  forced  flows  in  tubes, 
gravity  field,  turbulence  in  3D  and  2D,  convection  with  and  without  rotation, 
mean  wind  on  terrestrial  planets,  etc.  New  results  are:  frequency-intensity  spec¬ 
tra  for  tropical  cyclones,  earthquakes,  cosmic  rays.  Other  applications  of  the 
principle  may  be  envisioned.  Relationship  of  the  principle  to  the  similarity  the¬ 
ory,  fractals  will  be  discussed. 


DETERMINISM  AND  PRECURSORS  IN  EARTHQUAKE  IN¬ 
TERVALS 
C.GoItz 

Geophysics,  Kiel  University,  24118  Kiel,  Germany. 
goltzOphys ik . uni-kiel .  de 

It  is  now  widely  believed  that  earthquakes  constitute  a  highly  nonlinear,  prob¬ 
ably  chaotic  process.  In  practical  earthquake  prediction,  earthquake-related 
parameters  are  monitored  in  the  field  to  detect  so-called  anomalies  with  pre¬ 
cursory  qualities  by  watching  for  ‘peaks’.  The  same  is  true  for  analysis  of  spatial 
seismicity  patterns  whose  temporal  properties  are  also  summarised  in  a  time 
series.  In  the  light  of  chaotic  processes,  however,  it  becomes  clear  that  this  sim¬ 
ple  approach  does  not  reflect  the  necessarily  higher  degree  of  freedom  of  the 
underlying  process.  To  be  able  to  monitor  properties  of  a  chaotic  system,  anal¬ 
ysis  must  instead  be  carried  out  in  phase  space.  In  the  case  of  low-dimensional 
deterministic  chaos  one  expects  a  so-called  strange  attractor  in  phase  space 
whose  properties  should  ideally  be  monitored  for  precursory  behaviour.  Unfor¬ 
tunately,  nonlinear  analysis  of  a  great  variety  of  real  world  signals  has  shown 
that  the  signals  almost  always  posess  too  high  a  degree  of  freedom  for  numerical 
treatment,  due  to  noise  or  the  signals  true  inherent  complexity.  In  this  work, 
a  series  of  earthquake  intervals  was  constructed  directly  from  an  earthquake 
catalogue  and  a  low  dimensional  deterministic  structure  was  detected.  Deter¬ 
minism  of  the  attractor  was  confirmed  by  analysing  phase  randomised  data. 
Furthermore,  a  Poisson  distribution  could  not  produce  similar  results.  A  first 
application  of  'phase  space  monitoring'  is  shown  and  seems  promising. 


SIZE-FREQUENCY  DISTRIBUTION  OF  EARTHQUAKES  IN  HI¬ 
ERARCHICALLY  ORGANIZED  LOAD-TRANSFER  MODELS 
J.B.  Gomez  (1)  and  A.F.  Pacheco  (2) 

(1)  Departamento  de  Ciencias  de  la  Tierra,  Universidad  de  Zaragoza,  30009 
Zaragoza,  Spain,  (2)  Departamento  de  Fisica  Teorica,  Universidad  de  Zaragoza, 
50009  Zaragoza,  Spain. 

jgomez4posta.unizar.es/Fax:  [-+34]  76  761088 

Large  hierarchically  organized  sets  of  elements  (simulating  asperities  in  a  fault) 
are  loaded  to  the  point  of  complete  failure.  The  fracture  thresholds  of  individual 
elements  are  stochastically  distributed,  arid  the  hierarchical  structure  for  load- 
transfer  is  of  the  fractal-tree  type.  During  the  breakdown  process  there  occur 
bursts  (earthquakes)  of  several  elements  breaking  simultaneously  at  a  given 
load.  Using  Monte  Carlo  simulations  we  compute  the  frequency  of  bursts  versus 
their  size.  This  shows  a  gross  power-law  behaviour  superimposed  by  a  wavy 
pattern  closely  related  to  the  coordination  number  of  the  fractal  tree  used  for 
the  load-transfer  structure. 


STADY  OF  NONLINEAR  ELASTIC  PROPERTIES  OF  ROCKS  BY 
DYNAMIC  CHARACTERISTICS  OF  TECHNOGENEOUS  HARMONICS 

V.V.Gushchin  (Seismology  Department,  Radiophysical  Research  Institute,  N. 
Novgorod,  Russia);  O.V.Pavlenko  (Institute  of  Physics  of  the  Earth,  Moscow, 
Russia) 

Seismic  noise  recordings  from  seismic  stations  “Obninsk”,  “TCisIovodsk”,  “Arti” 
(Russia),  and  “Dobrushka”  (Czech  Republic)  are  analysed.  All  recordings  contain 
industrial  harmonics,  such  as  I  Hz,  1.25  Hz,  2  Hz,  2.5  Hz,  etc.  Nonlinear  elastic 
properties  of  rocks  in  the  vicinities  of  seismic  stations  can  be  estimated  by 
coefficients  of  modulation  of  industrial  harmonics  l>y  intense  low-frequency 
processes,  as  storm  microseisms  and  tides.  To  estimate  nonlinear  elastic  proxies 
of  media,  so-called  “natural  widths”  of  spectral  lines  of  industrial  harmonics  and 
spectra  of  their  amplitude  and  phase  variations  are  studied.  The  results  are 
compared  with  the  results  of  numerical  modeling.  Conclusions  are  made  about 
parameters  of  elastic  nonlinearity  of  rocks  in  the  vicinities  of  the  seismic  stations. 
To  test  these  estimates,  bispectral  characteristics  of  seismic  noise  are  calculated  for 
the  studied  regions,  and  evaluation  of  parameters  of  elastic  nonlinearity  is  made  by 
bispectral  amplitudes  of  seismic  noise. 


A  CREEP-SLIP  MODEL  OF  EARTHQUAKE  FAULTS: 
ANALYTICAL  AND  NUMERICAL  RESULTS 

P.  Hahner  and  Y.  Drossinos 

Joint  Research  Centre  of  the  European  Commission,  1-21020  Ispra  (VA),  Italy. 
pster.haehnsr4jrc.it/Fax:  [39]  332  785  815 

The  classical  spring-block  model  by  Burridge  and  Knopoff  (BK)  is  generalized 
in  a  way  to  account  for  the  irreversible  deformation  (creep)  of  the  fault  interface 
in  addition  to  rigid  sliding  displacements.  By  this  generalization  the  driving 
forces  are  allowed  to  relax,  and  a  rate  and  state-dependent  friction  with  velocity 
softening  is  introduced.  The  model  exhibits  a  new  kind  of  short-wavelength 
instability  which  is  associated  to  microfissuration  during  aseismic  creep  and  by 
means  of  which  parts  of  the  fault  self-organ  ize  to  the  critical  state  defined  by  the 
onset  of  velocity  softening.  The  model  is  discussed  in  relation  to  the  BK  model 
(where  this  type  of  instability  is  absent)  and  compared  to  threshold  models 
exhibiting  self-organized  criticality.  Numerical  results  show  intermittency  of 
the  seismic  cycle  and  give  power-law  scaling  of  the  event-size  distributions. 
Implications  of  the  model  with  respect  to  the  predictabilty  of  earthquakes  are 
discussed. 
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FRACTAL  CHARACTER  OF  THE  EARTH’S  EVOLUTION 
V.  V.  Kuznetso'’ 

Institute  of  Geophysics  SB  RAS,  University  av.,  3,  Novosibirsk,  Russia  630090. 
kuzOuiggm.nsc.ru 

The  fractal  properties  and  scaling  of  the  Earth’s  magnetic  field  reversals  are 
the  peculiar  characteristic  of  the  Earth’s  evolution.  The  suggested  model  is 
based  on  that  the  thickness  of  the  Earth’s  outer  core  was  gradually  increasing 
during  the  evolution;  the  formed  convective  cells  with  increasing  the  core  thick¬ 
ness  changed  so  that  their  number  decreased  when  the  cell  sizes  increased;  the 
Earth’s  magnetic  field  polarity  changed  when  the  regime  of  convection  changed; 
when  the  convection  was  steady,  the  magnetic  field  rvas  stable;  the  convective 
cells  arising  in  the  cote  has  the  similar  fractal  structure  and  they  belong  to 
the  same  class  of  universality.  The  ordered  multitude,  characterizing  the  pe¬ 
riod  durations  of  the  steady  convection  and  the  period  of  its  structure  change 
and  possessing  the  scale  properties,  is  estimated  with  the  multitude  of  the  pe¬ 
riods  of  the  Earth’s  magnetic  field  reversals.  Their  community  suggests  that 
this  model  is  equivalent  to  the  nature  of  changing  the  polarity  of  the  Earth’s 
magnetic  field. 


THE  SELF-ORGANIZING  CRITICALITY  AS  THE  REASON  OF 
THE  GEOMAGNETIC  FIELD  REVERSAL 
V.  V.  Kuznetsov 

Institute  of  Geophysics  SB  RAS,  University  av.,  3,  Novosibirsk,  Russia  630090. 
kuzCuiggm.nsc.ru 

According  to  the  "hot’  Earth’s  model,  the  region  of  the  phase  change  on  the 
inner  core  boundary  can  be  presented  in  the  form  of  the  large  number  of  inter¬ 
acting  elements  in  which  the  phase  change  "condensation-evaporation”  takes 
place.  Such  system  can  not  in  principle  to  achieve  the  thermodynamic  equilib¬ 
rium.  It  evolves  to  the  critical  state  in  which  any  small  event  causes  the  chain 
reaction;  the  system  changes  the  direction  of  the  phase  change,  for  example, 
the  advantage  of  condensation  changes  on  the  advantage  of  evaporation.  In  do¬ 
ing  so,  the  change  of  the  electric  field  polarity  takes  place  arising  on  the  phase 
change  and,  as  result,  the  polarity  of  magnetic  field  changes. 


THE  MAGNETIC  FIELD,  SCALING  STRATmCATION  AND  THE 
MAGNETIZATION  SPHERO-SCALE 

S.  Pecknold,  -S.  Loveiov  (McGill  University,  Dept,  of  Physics.  3600  University  St., 
Montreal,  Quebec,  Canada,  H3A  2T8) 

D.  Schertzer  (L.  M.  M7C.N.R.S.,  BP  162,  Universit6  Piette  et  Marie  Curie,  4  Place 
Jussieu  F-75252  Paris  Cedex  05,  France) 

The  standard  model  of  the  structure  of  the  earth  is  that  that  the  horizontal  and 
vertical  structures  are  qualitatively  quite  distinct;  the  latter  generally  being  refered  to  as 
"strata".  Many  geophysical  fields  have  been  shown  to  be  scaling  in  both  horizontal 
and  vertical  directions;  this  raises  the  possibility  of  a  unified  horizontal/vertical 
description  and  model  based  on  generalized  scale  invariance  (GSI).  In  certain  cases 
such  as  the  susceptibility  (and  by  inference  magnetization),  it  has  been  empirically 
suspected  (Pilkington  and  Todeschuck  .1993)  that  the  spectral  scaling  exponents  are 
different  in  the  two  directions.  Stratification  is  very  pronounced  at  small  scales,  but  at 
larger  scales  the  stratification  dimishes.  Eventually  one  power  law  exceeds  the  other 
(at  a  roughly  isotropic  scale  called  the  "sphero-scale"),  while  at  still  larger  scales,  the 
stratification  reverses  direction  (e.g.  mountains  have  "toots"). 

We  use  the  well-known  statistical  relationship  between  surface  magnetic 
anomalies  and  the  magnetization,  showing  that  if  the  latter  is  scaling  but  anisotropic, 
the  magnetic  field  will  have  a  break  in  the  scaling  at  the  sphero-scale  with  different 
high  and  low  frequency  exponents  that  are  related  to  the  "elliptical  dimension"  (Dei)  of 
the  magnetization.  Using  a  dozen  aeromagnetic  and  susceptibility  surveys  and 
borehole  data  we  show  that  Dei  •7/3  (a  value  3  would  indicate  an  unstratified  earth,  a 
value  2,  totally  stratified),  and  (as  expected)  a  variable  sphero  scale  (in  the  range  >8  to 
-50km). 


A  FRACTAL  PIPE  MODEL  FOR  VOLCANISM 
J-D.  Pelletier 

Mail  Code  150-21,  Caltech,  Pasadena,  CA  91125,  USA. 
josOgps .  caltech .  edu/Fax:  626-585-1917 

Volcanoes  within  volcanic  arcs  and  fields  are  clustered  in  space  and  their  erup¬ 
tions  are  clustered  in  time.  We  utilize  the  piur  correlation  function,  the  number 
of  pairs  of  volcanoes  as  a  function  of  the  radius  separating  the  pairs,  normal¬ 
ized  by  the  number  expected  &om  a  Poisson  process,  to  quantify  the  clustering 
of  volcanoes  in  several  volcanic  arcs  and  vent  fields.  Scale-invariant  clustering 
is  observed.  The  pair  correlation  function  in  time  is  used  to  identify  scale- 
invariant  clustering  of  eruptions  in  time.  We  also  analyze  spatial  and  temporal 
clustering  in  volcanic  rocks  with  the  Radiometric  Databank  of  11,986  dated 
volcanic  rodcs  in  the  North  American  Cordillera  and  find  scale-invariant  clus¬ 
tering  with  statistics  identical  to  those  of  distributed  seismicity.  In  addition, 
the  frequency-size  distribution  of  eruption  volume  is  a  power  law  analogous  to 
the  Gutenburg-Richter  distribution  for  earthquakes  with  a  ’b’  value  of  1.  In  an 
attempt  to  explain  these  observations,  we  first  consider  a  model  for  the  spatial 
clustering  of  volcanoes  and  the  size  distribution  of  magma  chambers  in  terms 
of  a  simple  model  of  an  upwelling  instability  of  magma  through  the  upper  man¬ 
tle  and  crust.  This  model  geometry  is  then  used  in  coqjuction  with  a  model 
for  the  fiow  of  magma  through  upwelling  channels  that  terminate  at  magma 
chambers  with  a  pressure-dependent  time-to-failure  probability  of  eruption. 
The  frequency-size  distribution  of  eruptions  and  the  clustering  of  volcanoes  in 
space  and  eruptions  in  time  are  identical  to  those  observed. 


MULTIFRACTAL  TOPOGRAPHY  AND  ITS  BI-DIRECTIONAL 
REFLECTION  FIELD 

P.  .Sagar.  S.  Pecknold,  S.  Lovejoy  (McGill  University,  Dept,  of  Physics,  3600 
University  St.,  Montreal,  Qu6bec ,  Canada,  H3A  2T8) 

D.  Schertzer  (L.M.D7C.N.R.S.,  BP  99,  Universitd  Pierre  et  Marie  Curie,  4 
Place  Jussieu  F-75252  Paris  Cedex  05  France) 

The  analysis  of  DBM’S  in  recent  years  has  led  to  considerable  evidence 
that  many  topographic  and  bathymmetric  fields  display  multiscaling 
characteristics  over  scales  ranging  from  the  size  of  the  Earth  down  to  at  least 
90m.  Remotely  sensed  surface  reflectivity  fields  also  show  multifractal  statistics 
with  roughly  the  same  basic  multifractal  parameters;  apparently  only  the  non- 
conservative  parameter  H  is  significantly  different. 

Using  simple  theoretical  models  and  numerical  simulations  we  study 
the  relationship  between  the  scale-by-scale  statistical  properties  of  a  given 
radiance  field  and  those  of  the  underlying  topography  profile.  The  statistics  of  the 
calculated  radiance  field  are  then  compared  with  those  of  the  known  topography 
field,  allowing  rlirect  comparison  of  the  two  fields’  scaling  parameters  including 
those  determining  the  anisottopy  and  moqphology. 


ANOMALOUS  SCALING  OF  FRACTURE  SURFACES 
J.  Schmittbuhl  (1)  and  J.  Lopez  (2) 

(1)  Lab.  de  Geologie,  URA  1316,  Ecole  Normale  Superieure,  24  rue  Lhomond, 
75231  Paris  Cedex  05,  France,  (2)  Department  of  Mathematics,  Imperial  Col¬ 
lege,  180  Queen’s  Gate,  London  SWT  2BZ,  United  Kingdom. 
sclifflittbuhlOgoophy.ans.fr/Fax:  [33]  144322200 

We  argue  that  fracture  surfaces  e.xhibit  anomalous  dynamic  scaling  properties 
akin  to  what  occurs  in  some  models  of  kinetic  roughening.  We  determine  the 
complete  scaling  behavior  of  the  growth  of  local  topography  fluctuations  of  a 
brittle  fracture  in  a  granite  block  from  experimental  data.  We  obtain  a  global 
roughness  exponent  x  =  1-2  which  differs  from  the  local  one,  xioc  =  0.79. 
Implications  on  fracture  physics  are  discussed. 
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SELF-ORGANIZED  CRITICALITY  AS  A  RESULT  OF  HETERO- 
GENUITY  OF  MEDIA:  MIXED  HIERARCHICAL  MODEL 
M.  G.  Shnirman  and  E.  M.  Blanter 

International  Institute  of  Earthquakes  Prediction  and  Mathematical  Geo¬ 
physics,  Varshavskoe  sh.  79  korp.2,  Moscow  113556,  Russia. 
blantarOiua.  ips.ras.ru/Fax:  [7]-(095)-310-7O-3'2 

We  are  interesting  in  investigation  of  general  features  and  appearing  conditions 
of  critical  behavior  in  self-similar  systems.  Two  kinds  of  critical  behavior  are 
separated.  An  unstable  critical  behavior  exists  in  isolated  points,  it  is  usually 
connected  with  a  phase  transition.  A  stable  critical  behavior  such  as  the  self- 
organized  criticality  exists  in  a  nondegenerate  area  of  system  parameters.  We 
consider  a  simple  model  where  both  kinds  of  criticality  are  achived. 

A  hierarchical  model  of  defects  representing  a  mixture  of  the  simplest  transi¬ 
tion  operators  is  suggested.  Four  kinds  of  system  behavior  are  realized:  stability, 
catastrophe,  phase  transition  from  stability  to  catastrophe  and  a  stable  critical 
behavior  (SOC).  The  condition  to  obtain  a  stable  critical  behavior  is  deter¬ 
mined  in  terms  of  parameters  of  the  mixture.  It  is  shown  that  the  self-organized 
criticality  expresses  heterogeneous  properties  of  the  media. 

Different  precursory  patterns  for  strong  earthquakes  reflecting  concrete  type  of 
system  behavior  are  described. 


HETEROSCEDASTICITY,  HURST,  AND  SURROGATE  DATA: 
PERSISTENCE  WITHOUT  PREDICTABILITY 

Leonard  A.  Smith  (1)  and  Myles  Allen  (2) 

(1)  Mathematical  Institute,  Oxford  University,  0X1  3tB,  U.K.,  (2)  AOPP, 
Oxford  University,  OXl  3PU,  U.K.. 
lennyCmaths.ox.ac.uk/Fax:  [44]  1865  270  513 

The  analysis  of  a  variety  of  nonlinear  geophysical  data  sets  often  reveals  ‘‘long 
range  dependence'*  which  is  in  turn  taken  as  an  indication  of  enhanced  pre¬ 
dictability.  It  is  illustrated  that  “long  range  dependence”  need  not  imply  any 
useful  increase  in  predictability.  This  is  the  case,  for  instance,  with  seasonal  het- 
eroscedasticity;  surrogate  data  methods  for  identifying  this  type  of  technically 
“nonlinear”  behaviour  are  provided.  Surrogate  data  consists  of  artificially  gen¬ 
erated  data  from  a  known  process  constructed  so  as  to  mimic  some  properties 
of  an  observed  data  set.  Its  value  lies  in  identifying  the  lack  of  significance  of 
a  particular  data  analysis,  when  the  same  analysis  of  a  “similar  looking”  data 
from  the  (known)  surrogate  process  yields  an  result  which  is  (known  to  be) 
incorrect.  Of  course,  even  if  the  observed  data  set  can  be  distinguished  from 
the  surrogate  data,  it  might  be  different  for  the  wrong  reason:  if  the  wrong 
properties  of  an  observed  data  set  were  mimicked,  Chen  the  particular  analysis 
may  still  be  insignificant.  Several  examples  are  provided. 


Log  Periodicity  in  the  Forest-Fire  Model 

D.L.  Turcotte.  B.D.  Malamud  and  G.  Morein 

Department  of  Geological  Sciences,  Cornell  University,  Ithaca,  NY  14853- 
1504  USA;  Turcotte@Geology.ComeIl.edu 

The  forest-fire  model  is  one  of  three  classic  examples  of  models  exhibiting 
self-organized  critical  behavior;  the  other  two  are  the  sandpile  and  slider- 
bloclc  models.  Log-periodic  behavior  is  fractal  behavior  with  a  complex 
fractal  dimension.  In  the  simplest  form  of  the  forest-fire  model,  a  square 
grid  of  sites  is  considered.  At  each  time  step  a  site  is  randomly  chosen, 
either  a  tree  is  planted  on  the  site  (if  it  is  unoccupied)  or  a  match  is  dropped 
on  the  site.  If  a  match  is  dropped  on  a  site  with  a  tree,  that  tree  and  all 
adjacent  trees  bum.  The  sparking  frequency  f„  specifies  the  number  of  trees 
planted  (or  attempts  to  plant)  before  a  match  is  dropped.  If  /o  =  1/100,  a 
match  is  dropped  after  each  99  time  steps.  For  very  small  firing  frequencies 
(i.e.,  1/10,000  for  a  128  x  128  grid)  the  frequency-size  distribution  of  forest 
fires  cluster  at  well  defined  peaks.  These  peaks  approach  the  size  of  the 
grid  and  satisfy  a  log-periodic  relation.  .This  behavior  can  be  explained  in  a 
straight-forward  manner.  The  exponential  growth  of  the  forest  density 
combined  with  a  periodic  triggering  mechanism  leads  naturally  to  log 
periodicity.-  It  is  interesting  to  speculate  whether  observations  of  log- 
periodic  behavior  in  natural  phenomena  such  as  earthquakes  can  also  be 
explained  in  this  way. 


A  SCALING  LAW  BETWEEN  AN  ELECTRIC  PRESEISMIC 
ANOMALY  AND  THE  MAGNITUDE  OF  THE  ASSOaATED 
EARTHQUAKE. 

F.  Vallianatos 

Technological  Educational  Institute  of  Crete,  Chania,  Crete,  Greece. 
fvallian@ee.teiath.gr  /  Fax:  -t-SO  1  9415391  or  •(■30  821  28190 

Experimental  results  suggest  that  the  electric  earthquake  precursors  (EEP) 
emitted  from  various  regions  and  recorded  in  a  given  field  station  have 
maximum  electric  fieid  value  E  which  is  scaled  to  the  magnitude  M  of  the 
earthquake,  by  the  expression:  logE  =  aM+bj  (I)  where  a  is  a  positive  slope 
factor  lies  between  0.3  and  0.4  and  bi  is  connected  with  peculiarities  of  the 
observational  site.  Recently  a  model  based  on  the  motion  of  charged 
dislocation  (MCD  model)  has  presented  in  order  to  describe  the  generation  of 
EEP.  It  has  conciuded  that  in  order  to  observe  an  EEP  distributed  emitting 
cells  are  required.  In  the  present  work  the  emitters  simulated  for  simplicity  by 
polarized  spheres  distributed  in  the  earthquake  preparation  volume.  Without 
the  assumption  of  any  underling  generation  mechanism,  an  induced 
polarization  P(t)=P.  u(t),  u(t)  is  the  step  function,  appears  in  the  volume  of  the 
sphere.  Since  P  varies  with  time  the  sphere  behaves  as  a  source  of  eiectric  and 
magnetic  field.  Introducing  the  hypothesis  that  the  number  of  emitting  spheres 
N  is  scaling  with  their  radius  R  asNxl/Ru ,  we  lead  to  an  expression  simiiar  to 
(I)  where  a=(3-D)/2.  The  experiment  indicates  that  D  lies  between  2.2  and  2.6 
leading  to  a  values  in  the  range  0.2-0.4,  in  comparison  with  the  observed  ones. 
The  latter  agreement  suggests  that  the  scaling  law  (1)  is  a  result  of  the 
geometric  distribution  of  the  emitters  in  the  earthquake  preparation  zone. 


A  CHARACTERIZATION  OF  NONSTATIONARY  MULTIFRACTAL 
PROCESSES 

D.  Veneziann.  J.D.  Niemann,  and  R.L.  Bras 

Dept,  of  Civil  and  Environmental  Engineering,  MIT,  Cambridge,  MA,  USA 
venezian@nut.edu/Fax:  +617-253-6044 

Multifractals  are  ordinary  processes  X(t)  or  generalized  processes  X[h(t)]  that  satisfy 
certain  stochastic  scaling  conditions.  For  example,  a  multifractal  X(i)  satisfies  X(l)  =" 
f*'A,X(rt)  for  some  deterministic  H  and  some  random  A,,  with  E[ A)  =  1 .  r  £  1  or  r  £ 
I,  and  t  in  a  certain  range.  The  above  scaling  condition  is  of  a  global  nature.  In 
addition,  the  increments  of  X(t)  may  scale  locally,  in  the  sense  that  X(t+T)-X(t)  ='*  r  "' 
A’[X(t+rt)-X{t)]  for  some  deterministic  H’  and  stochastic  A,’,  r  as  above,  and  any 
given  t  and  T.  In  the  special  case  when  A,  -  I  deteiministic,  X(t)  is  self-similar.  Seif- 
similar  processes  with  stationary  increments  have  identical  local  and  global  scaling, 
with  H  =  H'  and  A,  =  A‘  “  1-  Analogous  global  and  local  scaling  properties  apply  to 
generalized  processes  Xth(t)J.  We  show  how  processes  X(t)  and  X(h(t))  with  various 
local  and  global,  self-similar  or  multifractal,  scaling  propeities  are  related  to 
stationaiy  processes  and  to  processes  with  stationary  increments  and  how  such 
constructions  determine  the  scaling  parameters  {H.  A„  H’,  A,'].  These 
characterizations  are  extensions  of  a  classic  result  by  Lamperti  (1962)  for  globally 
self-similar  processes.  An  example  of  ordinary  nonstationary  mullifractal  is  the 
model  of  annual  maximum  stream  flows  by  Gupta,  Mesa  and  Dawdy  (1994),  which 
is  globally  multiftactal  with  A,  either  lognormal  or  log-Levy,  An  example  of 
generalized  mullifractal  is  the  river  profile  model  of  Veneziano  et  al.  (1998;  this 
conference),  which  is  globally  self-similar  (H  =  1  and  A  =  1)  and  locally  multifractal 
(H’  =  1  and  A’  log-Levy  or  the  product  of  a  Bernoulli  and  a  lognormal  variable). 


3-D  ORE  FRACTALS  AND  STRANGE  ATTRACTORS  IN  THE  TIME 
SERIES  OF  THE  PRECAMBRIAN  BANDED  IRON  FORMATIONS  (BEF). 

D.Yegorov  (Kola  Science  Centre,  Russian  Academy  of  Sciences, 

14  Fersman  street,  Apatity.  SU-1 84200,  Russia) 

An  analysis  of  100  BIF's  magnetic  distributions  using  Takens  method 
showed  that  spatial  variations  of  magnetite  are  an  exhibition  of  the 
deterministic  time  history  of  the  ore  systems.  It  is  established  that 
inclinations  of  the  D=f(d)  plots  defining  a  fractal  dimension  of  attractors 
0=2.05-2.3.  This  means  that  magnetite  distribution  in  the  ore  bodies  after 
folding,  metamorphism  of  BIFs,  etc.,  is  controlled  and  can  be  set  by  an 
interaction  of  a  small  number  of  variables. 

Investigations  of  fractal  geological  objects  (most  of  them  are  30  bodies)  as  a 
rule  are  based  on  their  10-20  sections,  or  some  indirect  data  (as  in 
seismology).  Such  investigations,  however,  do  not  provide  a  strong  basis  for 
calculation  of  fractal  dimensions.Unique  geological  and  geophysical  data  of 
the  Kirovogorskoye  BIF  deposit  structures  give  a  possibility  to  determine  30 
fractal  dimension  of  the  BIF  bodies  (0=2.14). 

Digital  experiments  in  modelling  of  re-distribution  of  components,  according 
to  the  model  system  of  8  variables  (Si-  Fe’*-Fe’*-Ca-Mg-/y-K-Na)  show  that 
there  is  a  possibility  that  structures  analogous  to  BIF  bodies  could  be 
formed.  This  testifies  that  fractal  structures  of  the  Kola  BIF's  are  not  a 
random  coincidence,  but  an  evidence  of  functioning  of  a  metamorphic-self- 
organization  system. 
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NPl  Scaling,  multifractals  and  nonlinear  variability  in 
geophysics 

Convener:  Schertzer,  D. 

Co-Convener:  Lovejoy,  S.M. 

02  Scaling,  multifractals  and  nonlinearity  in 
hydrology  (joint  with  HS) 

Convener:  Onof,  C. 

Co-Conveners:  Olsson,  J.;  Veneziano,  D. 


MULTISCALING  PROPERTIES  OF  THE  THREE  DIMENSIONAL 
SPATUL  DISTRIBUTIONS  OF  RAIN  AND  SNOW  IN  10  M^ 

N.  Desaulniffra-Soucv.  S.  Lovejoy  (Physics  dept,  McGill  University, 
3600  University  St.,  Montrdal,  (^£bec,  H3A  2T8,  Canada) 

D.  Schertzer  (I^ID,  boite  99,  University  P.  et  M.  Curie,  4  pi.  Jussieu, 
Paris  F-75252  Cedex  05,  France),  M.  Duncan. 

High  space/time  resolution  radar  rain  data  reveal  multiscaling 
behaviour  down  to  the  resolution  scale  of  a  radar  pulse  volume.  If  this 
behaviour  continues  at  sub-pulse  volume  scales,  it  will  lead  to  large 
systematic  biases  in  radar  estimates  of  rain.  However,  a  smaller 
resolution  measuring  device  has  to  be  used  to  directly  test  the  small 
scale  behaviour  of  the  spatial  distribution  of  hydrometeors.  Stereo 
photography  is  used  to  detect  up  to  10^  rain  drops  or  snow  flakes  in  a 
volume  “lO  m^.  The  hydrometeors  are  lighted  by  two  powerful  xenon 
flashes  (SO  ps,  2000J).  Three  motorized  Hasselblad  cameras  and 
stereoscopic  reconstruction  algorithms  provide  accurate  estimates  of 
their  size  and  position.  Multifractal  analyses  relating  to  the  field  of 
liquid  water  content  (for  rain  drops)  and  equivalent  liquid  water 
content  (for  snowflakes  and  ice  crystals)  are  performed  and  the 
implications  for  cloud  physics,  radar  measurements  of  rain  and 
millimeter  wave  telecommunication  networks  are  discussed. 


NONLINEAR  EFFECTS  ON  THE  TEMPORAL  EVOLUTION  OF 
FLUVIAL  DISCHARGE  :  CASE  OF  THE  OUBANGUI  RIVER 
D.  Aubert  (1),  A.  Beauvais  (2),  J.  Dubois  (1)  and  D.  Orange  (3) 

(1)  Institut  de  Physique  du  Globe,  Paris,  France,  (2)  ORSTOM,  Bondy,  France, 
(3)  Laboratoire  d’Hydrologie,  Centre  ORSTOM,  Bamako,  Mali, 
aubert Oipgp . juss leu . Iz 

The  daily  Oubangui  river  discharge,  measured  during  59  years,  shows  a  strong 
one-year  cycle,  with  irregular  variations  along  the  time.  Our  goal  is  to  deter¬ 
mine  the  physical  nature  of  theses  modulations  (stochastic  or  chaotic  process). 
Although  the  autocorrelation  time  r  is  about  3  months,  and  despite  the  rela¬ 
tive  shortness  of  the  time  setie  (22,220  points),  the  Grassberger  and  Proccacia 
method  can  be  adapted  and  applied  to  this  time  serie.  For  different  pseudo¬ 
dimensions  p,  a  pseudo-attractor  can  be  constructed  with  points  of  coordinates 
(Q(fi).Q(<i+r).-.Q(fi+(p-i)r)  ‘I"*  Correlation  function  C(t)  is  computed, 

where  r  is  the  pseudo-distance.  The  slope  of  the  plot  In  r  vs  In  C(r)  is  estimated 
and  converges  to  a  value  near  7.5.  This  implies  that  the  Oubangui  river  dis¬ 
charge  evolution  depends  on  a  deterministic  dynamical  system,  with  8  degrees 
of  freedom.  Other  data  analysis  methods,  like  Poincare  sections  and  Lyapounov 
exponents  may  be  used  to  confirm  and  sharpen  this  result. 

Examination  of  the  relationship  between  mean  precipitations,  measured  in  dif¬ 
ferent  stations,  mean  runoff  and  bassin  geomorphologic  characteristics  may 
provide  insight  into  the  underlying  physical  processes  influencing  the  river  dis¬ 
charge  evolution. 


RELATIONSHIP  BETWEEN  MULTIFRACTAL  ANALYSIS  OF 
RAINFALL  TIME  SERIES  AND  SPATIAL  RAINFALL  DATA 

I.  Dwyer  (1)  and  B.  Lammering  (2) 

(1)  Institute  of  Hydrology,  Wallingford,  0X10  8BB,  UK,  (2)  Mathematical  In¬ 
stitute,  North  Haugh,  St  Andrews,  Fife  KY16  9SS,  UK. 

Better  description  and  modelling  of  spatial  rainfall  is  needed  for  hydrological 
applications  (eg  GCMs  and  simulations  for  distributed  modelling).  One  of  the 
best  measurements  of  spatial  rainfall  fields  is  from  radar.  This  typically  renders 
in  the  order  of  100  x  100  pixels  for  each  single  radar  snapshot.  This  data  is  too 
limited  for  accurate  enough  estimation  of  multifractal  parameters  to  distinguish 
different  storm  types  (which  is  essential  for  GCM  application). 

One  technique  that  we  are  exploring  is  using  theoretical  results  to  infer  spatial 
multifractal  characteristics  from  temporal  ones.  Under  certain  conditions  we 
may  regard  temporal  readings  at  a  fixed  site  of  a  moving  system  as  correspond¬ 
ing  to  an  instantaneous  section  of  the  spatial  field.  This  allows  application  of 
some  recent  rigorous  work  that  relates  multifractal  characteristics  of  sections  or 
“slices'  of  measures  to  multifractal  characteristics  of  the  measures  themselves. 


ELECTRICAL  ANALOGY  OF  FRACTAL  HYDRODYNAMICAL 
DISPERSION 

Peter  Bakucz  (bakucz@vit.bme.hu) 

Technical  University  of  Budapest,  Department  of  Water  Resources  Engineering 

Determination  of  basic  hydrodynamical  parameters  for  pollutant  transport  in  the 
subsurface  area  Mhthematical  modeling  of  the  hydrodynamical  dispersion,  with  help 
of  random  network  of  tubes  with  percolation  disorder.  For  each  bond  of  the  system, 
the  tracer  motion  is  governed  by  a  convection-diffirsion  equation,  with  the  drift  term 
accounting  for  the  local  bond  velocity.  This  represents  an  extension  of  random  walks 
in  disordered  media  to  the  important  case  of  finite  macroscopic  flow  rates.  There  is  a 
Poiseuille  flow  in  the  tubes,  so  that  the  fluid  flow  problem  isomorphic  to  the  current 
flow  in  random  resistor  network.  The  analogy  implies  the  correspondences:  node 
voltages  equivalent  to  node  pressures  and  link  currents  equivalent  to  link  fluxes.  Based 
on  this  analogy  a  laboratorial  electric  modell  developed  to  investigate  the  fractal 
characteristics  of  hydrodynamical  dispersion.  Elaborating  of  168  laboratorial 
experiments  changing  the  transformed  electrical  properties  modeling  of  hydraulical 
and  geotechnical  parameters.  Identifying  of  the  dispersion  front.  Receiving  the  set  of 
fractal  dimension  for  the  dispersion  front  in  [1.38,1.51] 


USING  MULTIFRACTAL  DESCRIPTION  OF  SPATIAL  RAIN¬ 
FALL  IN  GCMS 

L  Dwyer  (1)  and  Birger  Lammering  (2) 

(1)  Institute  of  Hydrology,  Wallingford,  0X10  8BB,  UK,  (2)  Mathematical  In¬ 
stitute,  North  Haugh,  St  Andrews,  Fife  KY16  9SS,  UK. 

Global  Climate  Models  (GCMs)  typically  operate  on  two  dimensional  spatial 
grids  comprising  squares  of  side  100km  or  more.  The  averaging  of  rainfall  over 
such  grid  squares  results  in  rainfall  intensities  that  are  too  low  and  therefore  an 
overestimation  of  evaporation  and  an  underestimation  of  runoff.  Current  fixes 
include  assuming  a  negative  exponential  distribution  of  rainfall  intensities  and 
an  arbitrary  fractional  coverage  depending  on  one  of  two  storm  types.  There 
is  mounting  evidence  that  rainfall  is  multifractal  and  so  the  incorporation  of 
a  multifractal  description  of  spatial  rainfall  in  GCMs  offers  a  mote  realistic 
approach  to  water  balance  calculations.  The  application  of  a  multifractal  pa¬ 
rameterization  scheme  and  a  multifractal  cascade  model  within  a  particular 
GCM  ate  discussed.  Preliminary  results  using  the  UK  Meteorological  Office’s 
GCM  SVAT  model  (Soil- Vegetation-Atmosphere  transfer)  make  comparisons 
between  all  the  above  approaches. 
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ON  FRACTAL  CHARACTER  OF  SOIL  SOLID  PHASE 
SURFACE  AS  REVEALED  BY  RETE^^^IV^^y  FUNCTION 

A.M.Globus.  Agrophysical  Research  Institute,  StPetersbuig,  Russia, 
e-mail:  aglobus@agrophys.spb.su 

Mai^  ptopeilies  of  soils  influencing  their  fertility  as  well  as  flie  behavior 
m  ecologi^  processes  are  determined  by  geometry  of  solid  phase.  It  is 
particularly  true  for  unsaturated  soils  composing  the  iqrpermost  part  of 
vadose  zone.  Usually  flu  geometry  is  characterized  by  value  of  specific 
surface  area  drus  leaving  a  lot  to  know  about  organizatioa  of  this  surface. 
In  a  case  if  soil  solid  phase  surface  exhibits  fractal  properties,  fractal 
dimension  and  other  fractal  characteristics  can  be  used  in  sc^  transport 
frmctions  such  as  retentivity  and  hydraulic  conductivity.  Applying  some 
model  as8unq>tions  we  used  the  relationah^r  dW/dh=  ah*^  (W- water 
content  on  vdume  basis,  h  -  matiic  suction,  D-  fractal  dimension,  a-con- 
stant)  to  study  fractal  behavior  of  chernozem  and  podzolic  soils.  To 
determine  h  we  used  microp^hrometer  mediod  lowing  to  measure  by 
die  same  technique  suctions  as  big  as  80  bar.  We  found  aoHd  phase  surface 
to  follow  the  rules  of  fractality  (2.390<2.99)  -  die  better  the  less  was 
disturbance  of  a  soil  structure-  particular^  for  h>  10-20  b. 


ON  SPACE-TIME  SCALING  OF  CUMULATED  RAINFALL 
FIELDS 

Ignacio  Rodrtgues-Iturbe  (1),  M.  Marani  (2),  Paolo  D’Odorico  (2)  and  An¬ 
drea  Rtnaldo  (2) 

(1)  Department  of  Civil  Engineering,  Texas  AlcM  University,  College  Station, 
Texas,  (2)  Dipartimento  di  Ingegneria  Idraulica,  Marittima  e  Geotecnica,  Uni- 
versita  di  Padova,  Padova,  Italy. 

In  the  study  of  space-time  rainfall  it  is  particularly  important  to  establish  char¬ 
acteristic  properties  to  guide  both  theoretical  and  modelling  research  efforts. 
In  the  present  paper  new  observational  analyses  on  the  scaling  properties  of 
time-evolving  cumulated  rainfall  fields  are  presented,  and  a  theoretical  frame¬ 
work  for  their  interpretation  is  introduced.  It  is  found  that  the  time  evolution 
of  the  spatial  organization  of  a  cumulated  rainfall  field  produces  characteris¬ 
tic  scaling  relationships  of  spatial  variance  vs.  time.  The  reproduction  of  these 
relationships  constitutes  a  basic  requirement  for  spatial-temporal  field  gener¬ 
ators  in  order  to  model  important  properties  of  real  rainfall  fields.  It  is  then 
shown,  on  theoretical  grounds,  what  properties  the  instantaneous  rainfall  in¬ 
tensity  fields  must  obey  in  order  to  reproduce  the  exp>erimental  observations, 
and  how  the  size  of  the  observation  domain  affects  the  scaling  relationships. 
Some  current  stochastic  models  of  space-time  precipitation  are  finally  discussed 
and  analyzed  in  the  light  of  the  tools  introduced,  to  show  under  what  circum¬ 
stances  the  models  considered  give  acceptable  results.  Furthermore,  it  is  shown 
that  the  assumption  of  an  exponential  time  correlation  function,  used  in  many 
current  rainfall  models,  is  not  compatible  with  observations. 


SCALING  BEHAVIOUR  OF  MACRODISPERSION  IN  A  BRO¬ 
MIDE  TRACER  EXPERIMENT  ON  THE  FIELD  SCALE 
Uwe  Jaekel,  Holger  Schwarze  and  Harry  Vereecken 
Research  Centre  Jiilich,  ICG-4,  D-5242p  Julich,  Germany, 
u. jaekalOfz-’juelich.da,  h.schvarzaOfz-jualich.da, 
h. TeraeckanOfz-jualich.de/Fax:  [49]  2461-61-2484 

We  investigate  the  scaling  behavior  of  the  longitudinal  macrodispersivity  ob¬ 
served  in  a  bromide  tracer  experiment  on  the  test  site  Krauthausen.  Based  on 
a  geologic  characterization,  the  aquifer  is  subdivided  into  three  layers.  For  the 
rather  heterogeneous  two  upper  layers  of  fluviatile  origin,  we  observe  a  power 
law  scaling  of  the  macrodispersity  according  with  the  scaling  law  discussed  by 
Neuman  (1991).  In  the  deepest  and  more  homogeneous  layer,  however,  we  find 
evidence  for  asymptotically  Fickian  behavior.  Results  are  compared  to  numer¬ 
ical  simulations  and  information  obtuned  from  hydrogeologic  and  geophysical 
measurements. 


MODELING  OF  CONTAMINANT  TRANSPORT  WITH  HELP  OF 
STOCHASTIC  PARTICLE  SIMULATION 

Istvan  Kontur-  Peter  Bakuez 

Technical  University  of  Budapest,  Department  of  Water  Resources  Engineering 

In  this  paper  we  investigate  the  simulation  of  hydrodynamical  contaminant  transport 
with  help  of  stochastical  particle  tracking  method  in  two  and  three  dimensions.  Using 
the  random-walk  method  solving  the  Fokker-Planck  equation  with  different  boundary 
conditions,  named  reflecting  and  non-reflecting  wall.  The  fractal  nature  of  the  porous 
media  simulated  by  statistical  games  in  possession  of  the  fractal  dimension  of  the 
investigated  layer.  Fractal  analysis  of  different  concentration  path  lines  in  central 
symmetrical  case  where  the  Pe  number  about  0  and  for  the  homogen  velocity  field 
case  where  the  Pe  number  10-10000  are  elaborated.  Investigating  the  sensitivity  of  the 
fractal  dimension  of  porous  media.  One  of  the  result  of  this  article  is  that  the  small 
perturbation  of  the  initially  fractal  dimension  of  the  porous  media  results  very  much 
changing  In  the  path  line. 


KUROPhAN  OI-OPHYSU  AI.  SOUII-TV  XXIII 
GENERAL  ASSEMBLY  NICE  20-24  APRIL  1998 
fNPIA)2> 

NP1A)2  Scaling,  muliitrarials  and  iionlinctirily  in  hydrology 

KRAr  i  ALSTkliC  TURL  t)l‘ LARGEST  RIVIiH.SO^  CENTRAL  A.SIA 

(il{i/irittH  Mitrijn  (CuiimI  Asmti  Kewsreh  HNiiroincU-Drotogical  liisltluic,  72  , 

K.  MakliiumoviHf.,  7000^2  Tashkent. U/hekinan) 
h.innH:  sanigmi^^/Jltimci  gov  at/ 

CTuingcs  i>l  vhiitatc  lake  plate  mi  (  Viilnil  Asiuit  ivgion  al  prcsail.  Otic  of 
pitMibk  iVMSotitnrihts  i«  Aral  Scn  tlcsradalion.  That  h  wh)  a  pmHIciti 

nf  iiwciitlgHtion  nf  aD  riwis  of  the  region  hv  varioiLs  methods  n:  very  mportNni. 
Soincol'lhc  methods  are  use‘(l  in  tbrmer  Soviet  Union  for  many  ycora  others  arc 
developed  utisidVicicnilv  till  now.  One  of  such  methods  ii;  moddbig  of  river 
iK'twork  u.smg  alhci>r>  of  fractals  and  K'lbhnilaiit).  Vatidation  of  tbeorelkat 
pn.nti.scs  of  IhUllicnry  sens  made  for  largest  riveri  of  Central  Asia  •  Naryn  and 
Vnhslt.  Their  run-oil  is  not  distorted  puseerfuUy  by  economic  iicihily  in  the 
imniMtain  part  of  their  w>iter.shetls.  It  was  shown  that  a  atructuru  of  chosen  rivers 
netw’oik  sallsfieN  !■>  conditions  of  MrHVitnihiritx .  Some  parameieri  sdl'iiimilariiy  of 
lltc  ohjccts  were  vraluaici)  T  hey  are  parameters  of  enijiiricat  laws  of  river  network 
stivctnrv.  Dq)ciidatcis  of  Ungihs  of  iiiMin  on  watershed  areas  wen.*  Ibumt. 
I'racinl  diiiiendoiu  of  Naryn  and  Vnhsh  River  twl works  were  ex-aliiated. 

Rc.sullcs  ofilie  mvesiigaiion  ran  hr  use'll  in  Ibture  for  evahiatiim  of  some 
imraiTieters  uf  aiinulaiiot)  models  of  n  river  petwvric  siniclure  changing  under 
an  intlueni-e  of  various  iiaiiirHl  and  aiithro|H>genic  factors.  Moreover, 
invcstigalion  of  sdtsimihiniy  uml  friKiais  of  riviT  network  can  jKnnit  to  compru-ss 
nil  infomiBlion  for  its  saving 


EMPIRICAL  RELATION  BETWEEN  FRACTAL  DIMENSION  OF  SUPPORT  AND 
AVERAGE  ACnVTTY  FOR  SPACE-TIME  RAIN  DISTRIBUTIONS; 
COMPARISON  WTIH  A  SPACE-TIME  MULTIFRACTAL  MODEL. 

D.  Maraan  (Dpt.  of  Geology.  University  College  Dublin.  Belfietd,  Ireland, 
dnursan^llamh.ucd.ie) 

D.  Sebertzer  (Laboratoire  de  Modelisation  en  Mecanique.  Unlversite  P.  et  M.  Curie.  BP 
162, 4  Place  Jussieu.  7S252  Paris  Cedex  OS.  France,  sctertze^linm.jussieu.fr) 

S.  Lovejoy  (McGill  University,  3600  University  Street.  Montreal,  (Quebec,  H3A  2T8. 
Canada.  lovejoy9pbysic$.rocgiil.ca) 

We  further  discuss  the  two  extreme  hypothesis  concerning  the  origin  of  zeros  for  rain 
fields:  the  zeros  are  due  to  (i)  the  rain  process  itself,  which  naturally  distinguish  between 
*dry”  and  *wet”  areas/perio^  (e.g.  Ka^m  and  Qiiou).  and  (ii)  to  the  thresholding  caused 
hy  die  measuring  apparatus  (e.g.  Lovejoy  and  Sebertzer).  An  empirical  relation  is  derived 
between  the  fractal  dimension  D  of  the  apparent  spatial  set  supporting  rain  distributions  and 
the  local  rain  avenge  activity  R.  for  different  space-time  rain  datasets  inferred  from  radar 
reflectivity  signals:  D  varies  linearly  with  log(R).  Thu  b  in  agreement  with  the  observatkm 
of  Over  ^  Gupta  (1994).  However  we  show  with  tfte  help  of  a  space-time  multifractal 
model  (Marsan  et  al.  1996)  that  our  result  rather  stqtports  the  second  bypochesU  (!>)- 

The  success  of  ttb  model  to  predict  the  observed  relation  b  an  indication  that 
muliiplicative  cascades  are  pertinent  for  the  dynamical  modelling  of  rain;  they  correspond 

to  a  hierarchy  of  rainy  structures  at  all  scales  f,  with  typical  life  times  r/  varying  as  r/ 
where  H  b  a  measure  of  the  scaling  anisotropy  between  qtace  and  time. 
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FRACTAL  ANALYSIS  OF  THE  SPATIAL  DISTRIBUTION  OF  SOURCE 
BASINS  WITHIN  THE  CATCHMENT 

R.  Moussa  (1),  M.G.  Toumoud  (2)  and  C.  Bocquillon  (2) 

(1)  Instiut  National  de  la  Recherche  Agronomique,  U.R.  Science  du  Sol,  2  PI.  Viala, 
34060  Montpellier  Cedex  I,  France,  (2)  Laboratoire  'G^ofluides  Bassins  Eau', 
University  Montpellier  11,  PI.  E.  Bataillon,  34095  Montpellier  Cedex  5,  France. 

The  most  common  approach  to  extract  the  channel  network  from  Digital  Elevation 
Models,  is  to  specify  a  threshold  area,  S,  which  is  the  minimum  area  required  to 
drain  to  a  point  within  which  a  channel  forms.  It  is  recognized  that  different 
threshold  areas  will  result  in  substantially  different  channel  networks  for  the  same 
basin.  This  paper  studies  the  effects  of  S,  which  is  also  the  scale  of  observation,  on 
scaling  and  morphometric  properties  such  as  the  number  of  sources  and  the  areas  of 
source  basins  and  lateral  basins.  Twelve  basins  located  in  southern  France  and 
having  their  outlet  in  the  Mediterranean  sea  were  extensively  studied.  The  results 
indicate  that  morphometric  properties  vary  considerably  with  S,  and  that  the  spatial 
distribution  of  source  basins  can  be  considered  as  a  Bactal  Sierpinski  space.  A 
simple  mode!  based  on  the  procedure  similar  to  the  Sierpinski  carpet  construction  is 
proposed  to  explain  empirical  relations  between  the  number  of  source  areas  and  the 
threshold,  S.  The  model  presents  a  new  approach  to  estimate  basin  fractal  properties 
and  defines  new  indices  to  characterize  the  spatial  distribution  of  first  order  basins. 
This  methodology  is  useful  for  hydrologists  and  geomorphologists  dealing  with 
river  networks  and  spatial  patterns  of  various  basin  properties  such  as  vegetation, 
soil,  soil  moisture  and  human  activities. 


MULTIFRACTAL  ANALYSIS  AND  EXTREMES  OP  DAILY 
RIVER  FLOW  SERIES  FOR  BASINS  FIVE  TO  TWO  MILLION 
SQUARE  KILOMETERS 
G.  Pandey  (1),  S.  Lovejoy  (2)  and  D.  Schertzer  (3) 

(1)  Scripps  Institution  of  Oceanography,  University  of  California,  San  Diego, 
9500  Gilman  Dr.  La  Jolla  CA  92093-0224,  (2)  Physics  department,  McGill  Uni¬ 
versity,  3600  University,  Montreal  Que,  H3A  2T8  Canada,  (3)  Laboratoire  de 
Modelisation  en  Mecanique  (CNRS  UMR  7607)  case  162  Universite  P.  et  M. 
Curie,  4,  place  Jussieu,  F-7$252  Paris  cedex  05. 
schertzedccr.jussieu.fr 

Daily  operational  river  flow  data  from  twenty  river  basins  from  the  continental 
USA  with  sizes  varying  from  5  to  l.SXlQ^km^  and  durations  up  to  80  years, 
were  analyzed  to  deter  mine  the  limits  and  types  of  scaling.  Although  no  outer 
limit  to  the  scaling  was  found  there  is  a  break  in  the  scaling  regime  at  about 
one  to  two  week  time  period.  This  is  In  a  greement  with  other  scaling  studies 
of  rain,  river  flows,  temperature  and  topography  and  corresponds  to  the  "syn- 
optic  maximum"  -typical  life  time  of  planetary  scale  disturbances.  Despite  the 
varying  basin  areas  and  series  length,  the  estimated  multifractal  parame  ters 
characterizing  the  infinite  hierarchy  of  scaling  exponents  as  well  as  the  expo¬ 
nents  characterizing  the  extreme  self  organized  critical  events,  were  consistent 
and  close  to  the  river  basins  from  France.  We  used  those  critical  exponents 
to  theoretically  determine  the  accumulated  volume  as  a  function  of  interval 
duration.  We  compared  the  multifractal  and  standard  treatment  of  extremes 
showing  that  the  multifractal  treatment  is  quite  superior. 


NPl  Scaling,  multifractals  and  nonlinear  variability  in 
geophysics 

Convener:  Schertzer,  D. 

Co-Convener:  Lovejoy,  S.M. 

03  Scaling,  multifractals  and  nonlinearity  in 
oceans  &  atmosphere  (joint  with  OA) 

Convener:  Schmitt,  F. 

Co-Conveners:  Cahalan,  R.F.;  Yanovsky,  V.V. 


MULTIFRACTAL  ^  ANALYSIS  OF  DAILY  RAINFALL  DATA 

F.  Schmitt  (Institut  Royal  M^t^orologique,  Sect.  Climatologie  Dynamique,  3 
avenue  circulaire,  B-1180  Bruxelles) 

A  spectral  analysis  of  high  resolution  rainfall  data  usually  shows  roughly  two 
different  regimes:  a  1  /  /^  spectrum  for  time  scales  smaller  than  several  days,  and  a 
nearly  flat  spectrum  for  scales  from  days  to  years.  We  focus  here  on  the  latter 
scales:  Using  wavelets  for  the  scale  degradation,  we  show  that  at  these  scales  the 
rain  field  can  be  modeled  with  multifractals:  because  of  the  white  spectrum  and  the 
non-Gaussian  statistics,  these  can  be  called  “white  multifractals”.  We  estimate 
several  parameters  in  the  universal  multifractal  framework,  using  daily  rainfall  data 
recorded  in  more  than  100  stations  in  Belgium  since  1951. 

Using  the  latter  parameters,  we  then  simulate  rainfall  time  series  having  the 
same  statistics  (and  dynamics)  as  the  data.  This  may  be  used  as  input  to 
hydrological  models. 


SELF-SIMILARITY  AND  MULTIFRACTALITY  OF  RIVER  PRO¬ 
FILES 

D.  Veneziano,  J.D.  Niemann,  and  R.L.  Bras 

Dept,  of  Civil  and  Environmental  Engineering,  MIT,  Cambridge,  MA,  USA 
venezian@mit.edu/Fax:  +617-253-6044 

DEM  data  analysis  reveals  two  statistical  scaling  properties  of  river  profiles.  Let 
Ah(A,  AL)  be  the  elevation  difference  between  the  section  that  drains  area  A  and  the 
section  downstream  at  distance  AL.  A  first  scaling  property,  of  the  self-similar  (ss) 
type,  holds  between  elevaUon  drops  at  different  locarions  along  the  river.  One  finds 
that,  with  good  approximation,  Ah(A,  AL)  ='  r'"  Ah(rA.  r°’AL)  for  any  r  >  0.  A 
second  scaling  property  applies  locally,  to  elevation  drops  from  any  given  section  to 
sections  downstream  at  different  distances  AL.  This  second  property  is  of  the 
multifraclal  (mO  type;  for  any  r  2  1 ,  Ah(A,  AL)  =*  W,  Ah(A,  AL/r),  where  W,  is  a 
random  variable.  For  the  profiles  we  have  analyzed,  H  is  zero  or  slightly  positive  and 
W,  has  a  distribution  that  is  close  to  either  a  log-Levy  variable  with  low  tz  or  the 
pr^uct  of  a  Bernoulli  and  a  lognormal  variable,  the  latter  with  small  variance.  Both 
mf  models  are  consistent  with  a  "pool-riffle'’  morphology.  The  ss  and  mf  properties 
are  unrelated  (a  river  profile  may  be  ss  but  not  mf,  or  mf  but  not  ss).  In  some  river 
profiles,  H  or  the  distribution  of  W,  vary  somewhat  with  contributing  area  A.  We 
show  that  ss  is  a  property  of  equilibrium  topographies  generated  by  various  fluvial 
erosion  models,  whereas  mf  may  originate  from  multifractality  of  the  geologic 
stratification  or  the  riveibed  erosion/deposition/transport  processes.  Finally,  we 
develop  coupled  models  of  the  drainage  area  and  river  profile  processes  {A(L),  b(L)) 
that  satisfy  both  global  self-similarity  and  local  multifi^tality. 


Use  ofMagnetic  Susceptibility  Methods  for  the  identification  of  Tsunami  deposits 
in  the  Tagus  estuary 

Andrade,  C.  (1);  Miranda.  J.  M.(2);  Freitas,  M.C.(l);  Baptista,  M.A.(3);  Cachco, 
M.(l);  Munha,  J.M.  (1)  &  Silva,  P.  (2) 

1  Departamento  de  Geologia  da  UL 

2  Centro  de  Geofmsica  da  UL 

3  Instituto  Superior  de  Engenharia  de  Lisboa 

The  Tagus  estuary  is  located  in  the  Portuguese  western  coast  near  the  city  of  Lisbon 
and  covers  an  area  of  approximately  320  km2.  It  is  a  high  mesotidal  that  has  been 
subject  to  several  large  tsunami  invasions  in  the  past,  particularly  at  1755  and  153 1.  In 
order  to  identify  the  sedimentary  signature  of  the  tsunami  waves,  the  record  of 
-longer-term  environmental  changes  of  the  Tagus  salt  marshes  was  studied,  using 
environmentally-sensitive  proxies  to  identify  subtle  changes  of  salinity,  depth  and 
temperature  during  the  last  500  years.  The  analysis  of  vertical  concentration  profiles 
of  non-anthropogenic  elements  indicates  relatively  homogeneous  concentrations,  in 
accordance  with  the  dominant  silty  to  clayey  composition  of  the  sediments.  However, 
significant  variations  were  detected  for  the  K/Rb,  La/Sm  and  Hf/Ta  elemental  ratios, 
probably  representing  variations  of  the  sediment  source.  The  major  compositional 
breaks  detected  in  the  vertical  profiles  of  these  elemental  pairs  show  some  correlation 
with  the  nannoplankton  vertical  profiles  of  taxa  diversity  and  abundance  suggesting 
that  the  relative  contribution  of  marine  water  also  changed  through  time.  An  attempt 
to  refine  the  interpretation  was  made,  using  magnetic  susceptibility  methods.  A  very 
detailed  study  of  two  cores  taken  from  the  estuary  was  made,  revealing  that  the 
existence  of  two  sediment  layers,  characterised  by  two  maxima  of  the  bulk 
susceptibility,  clearly  correlated  with  the  geochemical  and  nannoplankton  profiles,  that 
were  probably  generated  by  1755  and  153 1  (AC)  tsunami  waves. 
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A  THERMODYNAMICS  OF  FRACTALS  BASED  ON  WAVELET 
ANALYSIS:  APPLICATIONS  TO.  ROUGH  SURFACES  AND 
SATELLITE  IMAGES  OF  FRACTAL  CLOUDS. 

A.  Anieodo 

Cciirn*  (if  Rfclieicli*'  Paul  Pascal.  CNR.S.  Avtuiue  Si'liwettz«r.  336IJU  Pessac, 
Fiance. 

We  elaborate  on  a  unified  multifractal  description  of  (2D)  singular  distri¬ 
butions,  including  measures  and  functions,  b:ised  on  the  continuous  wavelet 
transform.  This  new  approach  relies  upon  the  definition  of  partition  functions 
from  the  wavelet  transform  modulus  maxima.  V\'e  demonstrate  that  very  much 
like  thermodynamic  functions,  the  generalized  fractal  dimensions  and  the 
/(a)  singularity  spectrum  can  be  readily  determined  from  the  scaling  behavior 
of  these  partition  functions.  We  show  that  this  method  provides  a  natural 
generalization  of  the  classical  box-counting  technkiues  to  fractal  functions 
(e.g.,  the  imago  of  rough  surfaces),  the  wavelets  playing  the  role  of  "geiieralizetl 
t)scillar.ing  l)Oxes”.  We  illustrate  our  theoretical  cunsiilerations  on  pc^tlagugical 
examples  inclinling  (mouofractal)  fractional  Brownian  surfaces  ami  multi- 
fractal  counterparts  ol)tained  by  low-pass  power-lbw  filtering  (fractionally 
integrating)  2D  multiplicative  cascarhis.  Tlieu,  \\v  use  tins*  methodology  to 
(•ompan*  tin;  multifractal  properties  of  measured  and  simulatwl  nuliance  fields 
for  stratocumulus  clouds  at  31)  m  resolution  in  the  solar  (refiected)  part  of  the 
electromagnetic  spectrum. 


M.XTCHED  VARI.ABILITY  OF  THE  TEMPORAL  STRUCTURE  OF  THE 
GEODVNAMICAL  and  GEOPHYSICAL  CHARACTERISTICS 

Nataly  M.  Astafyeva  (Spase  Research  Institute.  Profsoyuznaya. 

84  32.  1 17810  Moscow.  Russia.  ast(Siki. rssi.ru) 

Atmosphere,  hydrosphere  and  lithosphere  of  the  Earth  organize  the  comple.x 
multiparametrical  planetary  system  under  the  outside  world  nfluence  (solar  radiation, 
lunar  tide...).  Investigation  of  the  natural  (geodyn.and  geophys.)  longtime  series  give 
the  evidence  of  matched  temporal  structure  of  suitable  processes.  For  example  the 
variations  of  angular  momentum  of  planet  or  length  of  day  are  not  only  under  the 
influence  of  the  orbital  parameters,  but  under  the  action  of  global  atmosphere  and 
world  ocean  circulations.  The  result  of  nonlinear  interaction  in  the  ocean-atmosphere 
system  powerfully  depends  on  the  continuously  changing  conditions:  thus,  rapid 
random  fluctuations  of  meieoparameters  interact  with  SOI  in  a  different  manner  at  the 
El  Nino  or  La  Nina  phase  SO  or  at  the  different  seasons  of  the  year.  We  pay  special 
attention  to  investigation  of  irregular  .structure  in  the  range  from  40  to  100  days. 


SCALING  PROPERTIES  OF  THE  SURFACE  CHLOROPHYLL  FIELD  IN 
THE  NORTHERN  ADRIATIC 

Fabio  Benvenuto**.  Alessandro  Marani**  and  Mira  MoroviJ  * 

**Dipartimenlo  di  Scienze  Ambientali,  DD.  2137,  00123  VENEZIA  (Italia). 
fabiob@univc.it .  marani@unive.it 

•Institute  of  Oceanography  and  Fisheries,  P.O.Box  500,  58000  Split,  CROATIA, 
e-mail:  morovic@jadran.i20r.hr 

In  order  to  study  spatial  structures  of  two  dimensional  fields  of  surface  chlorophyll  in 
the  Northern  Adriatic  sea,  scaling  analysis  of  chlorophyll  satellite  images  was 
performed.  The  Nimbus-7  images  processed  for  chlorophyll  with  (JRC-ES.A 
algorithm)  cover  the  area  between  Po  river  delta  and  the  Istra  peninsula  and  contain 
100x100  pixels  with  a  resolution  of  1000  m.  An  empirical  investigation  of  the  scaling 
laws  through  R'S  analysis  wa.s  done  over  the  available  space  scales  considering  zonal 
rows  and  vertical  columns.  The  satellite  data  were  transformed  into  matrices  (Cijl  (i. 
j  =1,...,  100)  representing  the  surface  chlorophyll  with  index  i  oriented  along  parallels 
toward  the  east  and  j  along  meridians  toward  south.  The  preliminary  results  indicate 
that  the  Hurst  exponent  is  larger,  and,  consequently,  the  fractal  dimension  is  lower  for 
winter  images  than  for  other  seasons.  This  is  possibly  due  to  the  combined  cflfecis  of 
a  varying  sea  productivity  and  of  changes  in  the  circulati!  on.  This  also  indicates  that 
temperature  changes  are  not  the  main  factor  controlling  primary  productivity  in  the 
Northern  Adriatic  Sea.  The  role  of  the  nutrient  discharged  by  the  PO  river  is  unclear 
and  is  to  be  addressed  in  future  studies  using  multichanel  images  at  higher  resolution. 


TIDAL  INTERNAL  WAVES  IN  THE  TROPICAL  ATLANTIC: 
NONSPECTRAL  AND  SPECTRAL  APPRO.ACHES 

Vladimir  A.  Borovikov  (1).  Vitaly  V.  Bulatov  (1),  and  Eugene  G.  Morozov  (2) 

(1)  Institute  for  Problems  in  Mechanics.  Russian  Academy  of  Sciences  Pr. 
Vemadskogo  101.  1 17526,  Moscow,  Russia 

(2)  P.  Shirshov  Institute  of  Oceanology,  Russian  Academy  of  Sciences.  36 
Nakhimovsky  st..  1 172 18.  Moscow,  Russia. 

A  method  is  described  for  analyzing  oceanic  fields  to  determine  the  velocit>-  and 
direction  of  flat  wave  packets  comprising  the  tidal  internal  wave  field.  The  wave  field 
is  presented  as  the  sum  of  plane  waves  each  characterized  by  specific  velocity  and 
direction  of  propagation.  A  new  method  to  study  wave  packets  is  suggested  based  on 
wavelet  transform.  Some  numerical  results  are  presented  for  investigating  tidal  internal 
waves  on  the  basis  of  temperature  measurements  at  200  m  level  obtained  from  50 
moored  buoys  in  the  tropical  Atlantic.  Generation  of  waves  is  caused  by  tidal  currents 
flowing  over  uneven  bottom  topography.  Characteristics  of  tidal  internal  waves 
measured  in  the  experiment  are  discussed.  The  wave  length  Is  equal  to  60  km  while  the 
direction  remains  quasl-staiionary. 


Cloud  scaling  properties  and  cloud  parameterization  in  the  ECMWF  Forecast 
Model. 

R.  F.  Cahalan 

NASAGoddard.  Greenbeli,  MD  20771  USA 

J.  J.  Morcrette,  European  Centre  for  Medium-Range  Weather  Forecasting.  Shinfield 
Park,  Reading,  England 

Cloud  liquid  and  cloud  fraction  variability  is  studied  as  a  function  of  horizontal  scale 
in  the  ECMWT  forecast  model  during  several  lO-day  runs  at  the  highest  available 
model  resolution,  which  is  presently  improving  from  60  km  (T2I3)  down  to  20  km 
(T600).  At  these  higher  resolutions,  model  plane-parallel  albedo  biases  are  reduced,  so 
(hat  models  may  be  tuned  to  have  larger,  and  more  realistic,  cloud  liquid  water 
amounts.  However,  the  distribution  of  cloud  liquid  -within-  each  gridbox  depends  on 
ad  hoc  asssumptions  of  cloud  'overlap'  which  are  not  necessarily  consistent  with 
observed  scaling  properties,  or  even  with  scaling  properties  produced  by  the  model  at 
larger  scales.  To  study  the  larger-scale  cloud  properties,  ten  locations  on  the  Eanh  are 
chosen  to  coincide  with  locations  having  considerable  surface  data  available  for 
validation,  and  representing  a  variety  of  climatic  regimes.  Scaling  exponents  are 
determined  from  a  range  of  scales  down  to  model  resolution,  and  are  re-computed 
every  three  hours,  separately  for  low,  medium  and  high  clouds,  as  well  as 
column-integrated  cloudiness.  Cloud  variability  fluctuates  in  time,  due  to  diurnal, 
synoptic  and  other  processes,  but  scaling  exponents  are  found  to  be  relatively  stable. 
Various  approaches  are  considered  for  applying  computed  cloud  scaling  to  subgrid 
cloud  distributions,  beyond  simple  random  or  maximal  overlap  now  in  common  use. 
Considerably  more  work  is  needed  to  compare  model  cloud  scaling  with  observations, 
and  this  will  be  aided  by  not  only  by  increased  availability  of  high-resolution  surface, 
aircraft  and  satellite  data,  but  also  by  the  increasing  resolution  of  global  models. 


TURBULENCE  MEASUREMENTS  IN  THE  NEIGHBOROOHD 
OF  A  STRONG  VORTEX 
F.  Chllla  and  J.-F.  Pinton 

Laboratoire  de  Physique,  Ecole  Normale  Superieure.  F-69007  Lyon. 

Whereas  most  of  the  measurement  and  modeling  of  the  energy  transfers  in 
turbulence  have  been  done  in  homogenenous  and  isotropic  geometries,  mo.st  real 
flows  are  strongly  inhomogeneous  and  anistropic.  Atmospheric  ones  certainly 
are.  with  large  scales  structures  in  the  form  of  larges  eddies  being  commonly 
generated  (tornados,  hurricanes,  etc.).  To  help  describe  these  situations,  we 
have  studied  in  the  laboratory  the  closed  flow  produced  in  the  gap  between 
two  corotating  disks.  In  this  geometry,  a  very  intense  axial  vortex  is  formed. 
When  both  disks  rotate  at  the  same  rate  it  is  stable  while  it  undergoes  violent 
bursting  when  the  disks  angular  speeds  are  too  different.  In  both  ca.ses.  we 
have  performed  local  velocity  measurements  at  variable  distances  from  the 
vortex  structure  and  studied  how  the  turbulence  characteristics  at  small  scales 
are  influenced.  We  find  that  the  velocity  power  spectra  show  a  u-{k)  x  A*”'-' 
scaling  region  ,  with  o  varying  continuoulsy  with  the  distance  to  the  vortex 
core:  starting  at  traditional  a  =  5/3  values  away  from  the  vortex  it  reaches 
o  =  2.8  near  the  stable  vortex  ,  or  o  =  1.2  in  the  unstable  regime.  Similarly, 
the  iiuermittency  (described  via  the  structure  function  exponents)  change  with 
the  distance  to  the  vortex  and  svith  the  flow  regime.  The  fact  that  the  energy 
transfers  and  the  intermittency  characteristics  are  a  function  of  the  geometry 
and  temporal  dynami<.*s  of  the  larges  scales  of  the  flow  is  of  importance  in 
regards  to  the  theoretical  and  numerical  modeling  of  real  turbulent  flows. 
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NONLINEARITIES  OF  3D  RADIATIVE  TRANSFER,  DESCRIPTION  OF  NONLINEAR  TRIAD  INTERACTIONS  IN 

ILLUSTRATED  WITH  BOUNDARY-LAYER  CLOUDS  FLUID  DYNAMICS  USING  TRILINEAR  COORDINATES 


A.  Davis.^  A.  Marshak,§  R.  F.  Cahalan,?  and  W.  J.  Wiscombe§ 

T  Los  Alamos  National  Laboratory,  Astrophysics  &  Radiation  Measurements  Group 
(NIS-2),  PO  Box  1663  (MS  C-323),  Los  Alamos,  NM  87545,  USA. 

§  NASA’s  Goddard  Space  Flight  Center,  Climate  &  Radiation  Branch  (Code  913), 
Greenbeli,Md  20771,  USA. 

E-mail:  adavis@lanl.gov 

Radiative  transfer  — a.k.a.  linear  transport  theory—  is  trivially  linear  with  respect  to 
the  source  term  but  fundamentally  nonlinear  in  every  other  respect  due  to  the 
multiplicative  coupling  between  local  scattering/absotption  coefficients  and  radiance. 
Nonlinearity  is  stronger  when  multiple  scattering  dominates  photon  transport,  as  is 
the  case  in  bound^-layer  cloud  systems.  We  survey  a  hierarchy  of  old  and  new 
approaches  to  radiation  transport  in  finite  variable  optical  media  modeling  cloud 
systems,  broken  or  not,  with  an  emphasis  on  treatment  of  nonlinearity.  Ordered  by 
increasing  level  of  flexibility  in  vanability  model  and/or  numerical  accuracy,  we  have: 

•  standard  plane-parallel  cloud  models,  allowing  at  best  a  vertical  stratification; 

•  popular  linear  combinations  of  *e  above,  according  to  ‘'cloudy  clear”  fractions; 

•  “stochastic”  radiative  transfer  in  binary  mixwres,  using  simple  closure  schemes; 

•  nonlinear  averaging  procedure  in  the  Independent  Pixel  Approximation  (IPA): 

•  smoothing  the  IPA  field  in  the  Nonlocal  Independent  Pixel  Approximation  (NIPA); 

•  3D  photon-diffusion  theory,  (almost)  analogous  to  flow  in  a  porous  medium; 

•  numerical  3D  radiative  transfer,  using  Monte  Carlo  and  grid-based  methods. 

To  date,  only  the  first  two  entries  have  been  applied  operationally,  mostly  in  remote¬ 
sensing  and  energy-budget  applications  respectively.  We  present  in  closed  form  a  new 
result  for  general  3D  diffusion  theory  that  underscores  the  nonlinear  coupling  at  hand. 
It  relates  the  systematic  bias  in  albedo  caused  by  variability  to  the  spatial  correlations 
in  the  e.xtinction  field  and  vertical  component  of  the  radiative  flax-vector  field. 


Aime  Fournier 

National  Center  for  -Atmospheric  Research,  Boulder,  CO  US.A  80307-3000. 
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Traditionally  the  nonlinear  transfer  of  kinetic  energy  between  orthogonal  modes 
in  fluid  dynamics  has  been  described  by  a  kind  of  convolution  of  Fourier  coeffi¬ 
cients,  known  as  'triad  interaction’,  Timn.  Triad  interaction  between  wavenum¬ 
bers  n,  m  and  /  is  known  to  be  constrained  by  a  ’detailed  conservation'  theorem: 


2(,nn  "b  Tmrat  -b  Tntm  —  0. 

There  have  been  few  applications  of  triads  to  observed  geophysical  flows.  Re¬ 
cently  lima  and  Toh  have  generalized  the  triad  description,  in  the  case  of  in- 
compres.sibie  flow,  from  Fourier  to  arbitrary  orthogonal  decompositions. 

This  presentation  will  introduce  the  use  of  trilinear  coordinates’ 


Time  =  -y. 

T„„,  =  •2-‘(y-i-3‘^-^). 

T„„„= 


1=  -T„lm) 

y  =  “T'lmn  • 


to  dt»piet  in  two  dimensions  (r,  y).  triad  interactions  between  three  modes.  Ex¬ 
amples  will  be  presented  of  triad  interaction-s  between  orthonorma!  wavelet 
inodes,  computed  from  N'MC-analyzed  atmospheric  winds  during  blocked  and 
zonal  climate  slates,  and  compared  with  Fourier  results. 


ANALYSIS  OF  R.\DIOBRIGHTNESS  TEMPER-XTURE  FIELD  OVtR 
TROPICAL  CYCLONE 

N.S. Erokhin  (1),  S.S.Moiseev  (1),  A.A.Lazarev  (1),  M.I.Mityagina  (1)  and 
B.Z.Petrenko  (3) 

( 1 )  Space  Research  Institute  of  RAS,  Profsouznaya  Sir.84/32,  117810  Moscow.  Russia 

(2)  Institute  of  Radio  Engineering  and  Electronics,  Mokhovaya  11. 103907  Moscow, 
Russia 

It  is  described  the  results  of  data  processing  for  radiobrightness  temperature  fields  over 
tropical  cyclone  at  the  square  of  (1000  x  1000)  km.  The  correlation  function,  scaling 
exponents  and  singularities  spectrum  are  calculated.  A  some  pecularity  of  structural 
functions  (SF)  usage  to  analysis  of  radiobrightness  temperature  fields  are  discussed 
and  the  analytical  approximation  of  SF  dependences  is  given.  The  existence  of  inertial 
range  with  the  power  law  spectrum  is  shown.  The  comparison  with  scaling  of 
background  fields  ( outside  typhoons )  is  made. 


SPECTRAL  ANALYSIS  OF  RADIATIVE  FLUX  OF  HETEROGENEOUS 
CLOUDS 

B.  Guillemet,  H.Isaka.  F.Szczap 

LAMP.  Universite  Blaise-Pascal.  24  avenue  des  Landats.  63177  Aubiire  Cede.x.  France 

Cahalan  et  at.  (1994)  proposed  the  Independent  Pixel  Approximation  to  realise  a  fast 
estimation  of  area-averaged  radiative  fluxes  of  inhomogeneous  clouds.  The  basic  idea  of 
the  nonlocal  Independent  Pixel  Approximation  proposed  by  Marshak  et  a1.  (1996)  is 
quite  similar  to  that  of  the  IPA,  except  that  the  NIPA  may  be  applied  to  a  horizontal 
scale  of  averaging  comparable  to  the  mean  free  path  of  photons.  From  the  point  of  view 
of  spectral  analysis,  the  estimation  of  area-averaged  radiative  fluxes  based  on  the  IPA 
and  NIPA  is  justified  by  radiative  filtering  of  the  IPA  radiative  fluxes  at  a  horizontal 
scale  comparable  to  the  mean  free  path  of  photons.  This  implies  a  break  in  the  spectral 
slope  of  spectra  computed  from  the  fluctuations  of  reflectance  of  heterogeneous  clouds. 
The  present  study  aims  to  study  spectra)  characteristics  of  the  reflectance,  transmittance 
and  absorptance  of  absorbing  heterogeneous  clouds  for  different  incidence  angles  of 
radiation.  It  is  revealed  that  spectral  characteristics  of  the  radiative  fluxes  are 
significantly  influenced  by  the  single  scanering  albedo  as  welt  as  by  the  incidence  angle 
of  radiation.  If  the  radiative  filtering  dominates  at  horizontal  scale  smaller  than  the  mean 
free  path  of  photons,  there  is  a  re-disiributlon  of  filtered  energy  at  horizontal  scales 
slightly  larger  than  this  mean  free  path.  This  re-distribution  phenomenon  becomes  more 
imponant  as  the  single  scattering  albedo  decreases,  which  implies  that  the  spectral 
slope  of  reflectance  spectra  of  heterogeneous  clouds  differs  significantly  from  that  of  the 
IPA.  Another  important  point  concerns  the  phase  shift  between  the  reflectance  and 
'iransminance.  These  spectral  behaviours  of  radiative  fluxes  result  from  the  difference  of 
cloud  heterogeneity  effects  on  the  scattering  and  absorption. 


UNIVERSAL  MULFIFRACTAL  ANALYSIS  OF  GROUND  LEVEL 
PARTICLE  DISTRIBUTIONS  FROM  EXTENDED  AIR  SHOW¬ 
ERS 

E.  Faleiro  (1)  and  J.M.G.  Gomez  (2) 
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High-energy  interactions  of  gamma.s  and  protons  with  the  earth  atmosphere 
have  been  simulated  by  means  of  the  CORSIK.\-4.oO  Monte  Carlo  code,  and  the 
secondary-particle  density  distributions  in  the  resulting  Extended  Air  Shower, 
at  ground  level,  have  been  studied.  The  fluctuations  seen  in  these  distributions 
show  -  after  that  a  deconvolution  from  a  white  noise  component  is  perfornied  - 
features  typical  of  a  1/f  noise.  The  sample  is  then  analyzed  in  order  to  study  its 
scaling  behaviour,  wliich  is  eventually  parametrized  by  means  of  an  Universal 
Multifracta!  approach. 


MULTIFRACTAL  AND  CHAOTIC 
ANALYSIS  OF  ATMOSPHERIC  TIME  SERIES 

K,  Ivanova 

Laboratore  de  Telecommunications  et  Teledetection,  Universite  Catholique  de 
Lou\*aiii,  Place  dii  Levant,  2,  B-1348  Louvain-la-N'euve,  Belgium  . 
kristy<Dtele  .ucl.ac.be 

The  aim  of  this  study  is  to  provide  a  complete  characterization  of  the  integrated 
reflectivity,  liquid  water  content  (LWC)  and  water  %'apor  content  of  stratocu- 
mulus  clouds  and  as  a  result  to  possibly  reveal  some  of  the  peculiarities  of 
their  internal  structure.  A  recently  proposed  multifractal  approach  [1]  is  em¬ 
ployed  for  analysis  of  the  real  world  atmospheric  data.  The  approach  is  based 
on  the  nonlinearity  found  in  natural  phenomena  and  includes  an  estimation  of 
nonstationarity  and  intermittency  of  the  fields.  The  scale  invariant  properties 
are  revealed  by  studying  the  structure  functions  of  arbitrary  order  wherea.s 
the  degree  of  intermittency  is  eraluated  by  singular  measures  analysis.  The 
results  are  summarized  on  a  'bifractal  plane*.  The  LWC  data  parametrization 
is  in  good  agreement  with  the  previously  reported  results  [1].  To  investigate  a 
possible  chaotic  behavior  the  following  standard  test  steps  are  performed:  1) 
phase-space  reconstruction  of  the  time  serie.s  using  the  time  delay  approach;  a 
first  minimum  position  of  the  autocovariance  function  is  taken  into  account; 
2)  determination  of  minimal  embedding  dimension  via  correlation  dimension 
stabilization. 

References  [1.]  Davis  X.,  .A.  Marshak,  W.  Wiscombe.  R.  Cahalan,  J.  Geophys. 
lieseareh, 99,  D4,  8055  (1994). 
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UNSTABLE  PERIODIC  ORBITS  AND  ATTRACTORS  OF  NON¬ 
LINEAR  DYNAMICAL  MODELS. 

E.  Kazantsev 
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54602,  Villers-!es-Nancy,  France. 
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Numerical  method  for  detection  of  unstable  periodic  orbits  on  attractors  of 
nonlinear  dynamical  systems  is  proposed.  This  method  requires  the  similar 
techniques  as  the  data  assimilation  does.  This  fact  facilitates  its  implententation 
for  geophysical  models. 

Some  low-period  orbits  of  the  Lorenz  model  and  the  barotropic  ocean  model 
have  been  calculated  explicitely.  The  orbits  encoding  and  application  of  sym¬ 
bolic  dynamics  is  used  to  classify  and  identify  the  detected  orbits  and  find  the 
whole  set  of  fundamental  cycles.  .Application  of  the  cycle  expansion  theory  to 
the  fundamental  cycles  set  allows  to  approximate  some  attractor  characteristics 
difficult  to  calculate  directly. 


QUANTIFICATION  OF  MULTIFRACTAL  DIFFUSION 

C,  MargueritL  D.  Schertzer*  and  S.  Lovejoy^ 
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Diffusion  is  one  of  the  key-ntechanism  In  geophysics  (pollutant  dispersion,  radiative 
transfer....)  as  well  as  for  their  interaction  with  biology  (predator-prey  systems). 
Geophysical  media  being  extremely  inhomogenous.  we  consider  diffusion  in 
multifractal  media. 

We  first  recall  the  limitation  of  classical  methods  based  on  the  scaling  law  of  r.m.s 
distance  traveled  by  particles,  as  well  as  the  drastic  difference  between  physical  time 
and  the  number  of  steps.  Indeed,  we  showed  that  the  exponent  of  the  former  misses 
the  anomalousity  of  the  diffusion,  with  the  only  exception  of  monodimensional 
media,  whereas  theexponent  of  the  latter  is  rather  spurious. 

We  .show  that  the  anomalousity  of  the  walk  can  be  muUifractaly  quantified  with  the 
help  of  the  hierarchy  of  the  trace-moments  of  the  walks.  We  tost  these  observables 
on  numerical  simulations. 


ONE  POSSIBLE  MECHANISM  OF  ELECTRIC  FIELD  SCALING 
IN  A  THUNDERSTORM  CELL 

E.A.Mareev  (1),  A.E.Sorokin  (2)  and  V.Yu.Trakhtengerts  (3) 
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It  is  well  known  that  the  large  scale  electric  field  and  space  charge  are  forming 
in  thunderstorms.  But  the  origin  of  small  stratification  is  purely  investigated 
now.  To  understand  it,  we  take  into  account  that  charge  tranfered  per  collision 
(between  hydrometeor  and  small  water  drop,  e.g.)  depends  on  e.xternal  elec¬ 
tric  field,  charges  on  the  particles  and  their  velocities.  We  have  designed  the 
system  of  equations  which  is  composed  of  hydrodynamic  equations,  movement 
and  Poisson  one.  Such  a  forth  flow  system  (large  and  small  cloud  particles  and 
ions)  has  been  investigated  and  examined  in  thunderstorm  cell.  The  specific  flow 
instability  -  charging  instability,  connected  with  charge  transfer  mechanism  (in¬ 
ductive  or  noninductive)  has  been  investigated.  We  have  obtained  increments 
and  characteristic  wave  numbers  for  this  unstable  waves  for  the  initial,  devel¬ 
opment  and  dissipation  stages  of  the  thunderstorm  cell.  Our  results  are  in  a 
good  agreement  with  the  data  of  electric  field  soundings  in  storms  {Marshall 
and  Rust.  Saundt'rs).  .According  this  data,  there  are  many  of  the  small  scale 
field  and  charge  variations  on  the  background  of  large  scale  800  —  2500  me¬ 
ters  field.  The  magnitude  of  the  first  one  can  increase  the  breakdown  field.  .And 
in  this  case  charging  instability  can  play  the  principal  role  in  the  formation  of 
compact  discharge  cells  (—  30  -  150  meters  )  in  the  thunderstorm  cloud. 


EXPERIMENTAL  MHD  STUDY  OF  A  LIQUIDE  GALLIUiM 
FLOW  AT  MODERATE  MAGNETIC  REYNOLDS  NUMBERS 
P.  Odicr  (1).  J.-F.  Pinton  (1)  and  S.  Fauve  (2) 
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We  study  the  statistical  properties  of  magnetic  field  fluctuations  generated,  in 
the  presence  of  an  externally  imposed  field,  by  a  swirling  flow  of  liquid  Gallium. 
The  flow  is  produced  in  the  gap  between  two  coaxial  counter  rotating  disks. 
Kinetic  Reynodls  numbers  Re  =  10'  and  magnetic  Reynolds  numbers  up  to 
Rm  =  15  are  reached.  The  imposed  magnetic  field  Bq  is  weak  and  Lorents  forces 
do  not  react  unto  the  flow.  The  magnetic  fluctuations  b  are  measured  inside  the 
flow  using  a  local  Hall  effect  probe.  Its  power  spectra  display  a  6‘(A’)  x 
scaling  region,  as  can  be  predicted  from  Kolmogorov's  turbulence  model.  W'e 
also  observe  that  the  dissipative  scale  for  the  magnetic  fluctuations  is  much 
smaller  than  that  of  the  velocity  fluctuations,  in  agreement  with  the  very  small 
value  of  the  magnetic  Prandtl  number  of  liquid  metals,  .As  a  result  the  dynamics 
of  the  magnetic  field  is  concentrated  in  the  large  scales  of  the  flow.  For  a  given 
value  and  orientation  of  Bo.  have  measured  the  mean  value  <  6  >  of  the  field 
induced  by  the  (large  scale)  velocity  gradients  in  the  flow.  .At  small  one  finds 
<  b  >/ Bo  x  Rn\  as  is  well  known.  For  higher  values  of  the  magnetic  Reynolds 
number,  we  have  observed  non  linear  effects  whith  <  6  >  /Bo  growing  as 
Interpolation  of  these  measurements  predict  a  critical  magnetic  Reynolds 
number  Rm  30  for  the  onset  of  dynamo  action  in  tliis  flow. 


GENERATION  OF  HETEROGENEOUS  CLOUDS  BASED  ON 
MORPHOLOGICAL  ANALYSIS  AND  THEIR  EFFECTIVE  RADIATIVE 
PROPERTIES 

R.  Pejoux,  F.Szczap.  H.  haka 

LAMP,  University  Blaise-Pascal,  24  avenue  des  Landais,  63 1 77  Aublirc  Cedex,  France 

Most  of  recent  studies  on  radiative  properties  of  inhomogeneous  clouds  are  based  on  the 
inhomogeneous  clouds  generated  with  the  bounded  cascade  model  proposed  by  Cahalan 
et  al.  (1994)  and  Marshak  et  al.  (1994).  In  spite  of  the  fact  that  the  bounded  cascade 
model  can  duplicate  some  statistical  characteristics  of  natural  inhomogeneous  clouds,  it 
has  a  drawback  to  generate  clouds  whose  heterogeneity  at  large  horizontal  scale  is 
conditioned  entirely  by  first  steps  of  cascades.  So,  there  is  a  need  to  develop  methods 
without  such  drawback,  which  may  generate  heterogeneous  clouds  having  the  same 
characteristics  as  those  observed  of  natural  clouds. 

In  this  paper,  we  develop  a  method  of  heterogeneous  cloud  generation  based  on  the 
morphological  analysis.  This  method  can  generate  horizontal  fluctuations  having  the 
almost  same  density  probability  function  and  spectral  slope.  Furthermore,  the  generated 
heterogeneity  has  the  same  morphological  spectra  as  the  original  fluctuations.  We 
tested  the  method  for  various  types  of  fluctuations,  in  particular  those  generated  with 
the  bounded  cascade  model. 

The  radiative  properties  of  heterogeneous  clouds  generated  with  this  method  are 
compared  with  those  determined  for  the  bounded  cascade  heterogeneous  clouds.  This 
comparison  shows  these  two  types  of  clouds  have  the  same  area-averaged  radiative 
properties.  Based  on  these  results,  we  discuss  effects  of  cloud  heterogeneity  of  different 
types  on  the  area-averaged  radiative  properties  and  try  to  define  heterogeneity  parameters 
pertinent  to  the  radiative  transfer  in  heterogeneous  clouds. 


SCALING  OF  THE  NATURAL  VARIABILITY  OF  THE 
ATMOSPHERE-OCEAN  SYSTEM 
J.D,  Pelletier 
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Wc  present  the  power  spectra  of  instrumental  temperature  data  from  the  Global 
Summary  of  day  database  ftom  time  scales  of  1  day  to  100  years.  Maritime  sta¬ 
tions  exhibit  power  spectra  proportional  to  /~L  Continental  stations  exhibit 
a  /”!  spectrum  up  to  frequencies  of  /  =1/(1  month)  and  a  /“§  spectrum  at 
higher  frequencies.  We  interpret  these  observations  in  terms  of  the  turbulent 
diffusion  of  heat  energy  vertically  in  the  atmosphere  and  ocean.  A  stochas¬ 
tic  term  is  included  to  model  convective  instabilities  in  the  atmosphere  that 
randomly  advect  heat  up  or  down  In  the  atmosphere.  The  difference  between 
maritime  and  continental  stations  results  from  the  coupling  of  maritime  air 
masses  to  both  the  atmosphere  above  and  the  ocean  below  while  continental 
air  masses  couple  only  to  the  atmosphere  above  with  the  land  acting  as  an  insu¬ 
lating  boundary  condition.  The  transition  from  a  continental-type  spectrum  to 
a  maritime-type  spectrum  is  investigated  by  averaging  spectra  from  all  stations 
in  the  database  in  2"x2‘’  grid  squares.  Differences  in  the  spectra  as  a  function 
of  geography  and  distance  from  the  ocean  are  investigated.  The  crossover  time 
scales  from  the  to  a  /“^  spectra  in  continental  spectra  are  used  to  infer 
the  geographic  variation  of  time  scales  of  thermal  exchange  between  continental 
air  masses  and  oceans. 


A  NUMERICAL  INVESTIGATION  OF  SOME  SCALING  PROP¬ 
ERTIES  OF  ATHMOSPHERIC  TURBULENCE 

E.  Rodichev 

Institute  of  Mechanics,  Moscow  State  University,  Michurinsky  prosp.,  1, 
Moscow,  Russia. 

erOsai .msu. su/Fax:  +007  095  93*28842 

The  time  series  representing  the  velocity  components  of  atmospheric  turbulence 
has  been  processed  numerically.  Two  data  sets  were  used.  The  first  one  was 
recorded  at  Zimlyanskaya  steppe,  over  the  flat  ground.  The  second  data  set 
was  recorded  in  Moscow  city,  neat  the  big  buildings. 

The  covariances,  cross-covariances  and  power  spectrum  are  presented.  The  vec¬ 
tor  delay  reconstruction  technique  was  used  for  fractal  dimension  measure¬ 
ments.  The  numerical  estimation  of  Levy  index  also  has  been  performed. 


QUASI-SPONTANEOUS  VARI.\T10NS  OF  PHYSICAL  PA¬ 
RAMETERS 

Igor  I.  Rokitvanskv 

Institute  ofGeophysics.  POB-338.^.  lCiev-146.  Ukraina. 

Spontaneous  chaotic  fluctuations  are  inherent  for  complex  nonlinear 
unstable  dissipative  systems  especially  when  spatio-  temporal  intermit- 
tance  of  chaos  and  order  occur  and  the  system  passes  through  conse- 
iiuenee  of  bifurkations.  Prognosis  of  development  for  such  sy  stem  is  very 
difficult  and  uncertain,  as  the  system  can  be  influenced  by  extremely 
weak  signal,  but  if  the  last  one  is  correctly  organized  it  opens  the  princi¬ 
pal  possibility  of  so  called  informational  correction,  management  and 
control  of  the  system.  Speaking  about  spontaneous  variations  (SV)  of 
physical  parameters  we  pay  also  attention  to  relatitely  simple  systems 
(resistor,  filament  of  torsion  pendulum,  crystal  of  quartz  etc.),  for  which 
we  expect  stable  physical  parameters  under  stabilized  external  conditions: 
temperature,  pressure,  moisture.  EM-radiation  etc.  But  the  variations  of 
physical  parameters  nevertheless  are  observed  and  their  spectrum  near  to 
1  f  law.  The  synchronism  of  SV  in  distant  points  and  correlation  with 
Solar  activity  give  ev  idence  that  the  phenomenon  is  not  purely  spontane¬ 
ous  but  rather  quasi-spontaneous.  being  induced  by  some  yet  not  identi¬ 
fied  external  agent. 


MULTIFRACTAL  ANALYSIS  OF  ID  AND  2D  CLOUD  DATA,  THE 
“WAVELET  TRANSFORM  MODULUS  MAXIMA”  APPROACH 

Roux.''*  R.  F.  Cahalan.'*’  A.  Davis.*  A.  Aro&xlo.S  J.-F.  Muzy.5  and  E.  Bacryl 
TN.ASA's  Goddard  Space  Flight  Center,  Climate  &  Radiation  Branch  (Code  913), 
Greenbelt,  Md  20771,  USA. 

tLos  Alamos  National  Laboratoty,  Astrophysics  &  Radiation  Measurements  Group 
(NIS-2),  P.O.  Box  1663  (Mail  Stop  C-323),  Los  Alamos,  NM  87545,  USA. 

SCentrc  de  Recherche  Paul  Pascal  (CNTIS),  Av.  Schweitzer,  33600  Pessac,  France. 
ICentte  de  Mathdmatiques  Appliqudes.  Ecole  Polytechnique,  91128  Palaiseau,  France, 
E-mail:  sroux@climate.gsfc.nasa.gov 

In  physics  and  applied  sciences,  one  is  often  faced  with  the  problem  of  characterizing 
very  irregular  fuiKtions.  Examples  range  from  plots  of  various  types  of  random  walk 
(e.g..  Brownian  signals)  to  financial  or  medical  time-series,  turbulent  signals  from 
wind-tunnel  or  atmospheric  studies,  etc.  Wavelet  analysis,  a  general  framework  for 
analyzing  signals  in  space  and  scale,  has  been  described  as  a  '‘mathematical 
microscope'*  and  is  well-adapted  to  reveal  the  hierarchy  governing  the  spatial 
distribution  of  singularities  in  multifractal  measures.  The  Wavelet  Transform 
Modulus  Maxima  (WTMM)  method  is  a  more  recent  development.  It  is  based  on  the 
continuous  wavelet  transform  and  enables  us  to  generalize  multifractal  formalism  to 
all  types  of  singular  processes,  i.e.,  functions  as  well  as  measures.  With  the 
appropriate  choice  of  analyzing  wavelet,  it  includes  standard  box -counting  and 
structure-function  methods.  The  WTMM  method  has  been  tested  on  a  variety  of 
pedagogical  examples  and  successfully  applied  to  numerical  and  experimental  data 
from  various  domains:  turbulent  veloci^,  DNA  sequences,  DLA  clusters,  etc.  After 
presenting  tutorial  examples  in  ID,  we  show  results  for  atmospheric  liquid  water  path 
(retrieved  from  passive  mierowave  radiometry  at  the  ARM  site  in  Oklahoma)  that 
demonstrate  its  strong  multifractality.  We  also  describe  a  2D  generalizadon  of 
WTMM  methodology  and  apply  it  to  high-resolution  LANDSAT  images  of  clouds. 


BEYOND  THE  MULTIFRACTAL  PHENOMENOLOGY  OF 
GEOPHYSICS: 

DYNAMICS  AND  (REVISITED)  RENORMALIZATION 

D.  Sehertzer.  M.  Larcheveque  (Laboratoire  de  Modelisation  en  Mecanique.  CNRS 
UMR  7607,  Case  162,  Universiid  P.&M.  Curie,  Paris.  France4  PI.  Jussieu.  75252 
Paris  Cedex  05.  France;  schertze@ccr.jussieu,fr.  larchevq®  Imm.jussieu.fr), 

S.  Lovejoy  (McGill  University,  3600  University  Street.  Montreal,  Quebec,  H3A 
2T8.  Canada:  lovejoy@physics.mcgill.ca) 

A  large  class  of  multifractal  models,  often  called  Fractionally  Integrated  Fluxes 
(FIF)  models,  had  been  developed  for  modeling  of  geophysical  intermittent  fields. 
Their  static  version  have  become  rather  popular  for  the  last  ten  years  for  the 
simulation  of  contaminants,  clouds,  rain,  topography  ,  etc:,  whereas  their  dynamic 
extension  is  rather  recent. 

We  show  that  FIF  models  have  a  "renormalized  viscosity/renormalized  forcing" 
structure:  both  terms  correspond  to  the  relevant  contributions  from  other  scales  to 
the  evolution  of  a  given  scale  in  a  renormalisation  procedure.  However,  contrary  to  a 
standard  renormalization  (DI.A.  RNG...).  the  renormalized  forcing  is  far  from  'oeing 
quasi-gaussian  and  the  corresponding  models  do  yield  wild  probability  distributions, 
i.e.  strong  interraiitency. 

We  therefore  revisit  renormalization  techniques  and  obtain  intermittent  models  built 
directly  on  the  structures  of  the  generating  cqu:ilions  and  not  only  on  their  scale 
invariance. 


A  SCALE-BY-SCALE  VALIDATION  OF  CONTINUOUS 
MULTIFRACTAL  MODELS  IN  TURBULENCE 

F.  Schmitt  (Institut  Royal  Meieorologique,  Sect.  Climatologie  Dynamique.  3 
avenuecirculaire.  B-!  180 Bruxelles) 

We  consider  two  continuous  (in  scale)  cascade  models:  log-Poisson  and  log-Levy 
(a  special  case  of  which  is  the  log-nomnal  model).  The  usual  way  to  validate  cascade 
models  is  to  estimate  f(q)  defined  as  <|AV,f'  >=  This  corresponds  first  to 

estimate  some  scale  invariant  function,  and  then  to  use  it  to  estimate  the  parameters 
of  cascade  models.  This  is  useful  to  eliminate  e.g.  the  log*normal  model,  but  not 
precise  enough  to  clearly  show  which  one  from  log*Poisson  or  log«L6vy  models  is 
closer  to  data:  these  two  models  provide  excellent  fits  of  empirical  ((q)  curves  up 
to  high  order  of  moment  (of  about  7). 

We  therefore  propose  another  approach,  which  consists  in  studying  the  statistics 
scalc-by-scale:  wc  first  estimate  the  parameters  of  models  at  a  given  scale  and  then 
consider  the  scale-dependence  of  these  parameters.  This  procedure  can  be  done  much 
more  precisely  than  previously,  because  it  is  done  for  a  fixed  scale,  and  no  more 
needs  a  straight-line  fit  in  log-log  using  least  square  method.  This  corresponds  to 
estimate  d>;(r/)  =  log  < >.  the  second  Laplace  characteristic  function  of  the 
generator  g,  =  log|AV,|  of  the  velocity  shear  (it  is  also  called  cumulani  generating 
functi»»n).  Then  we  precisely  estimate  the  range  of  values  of  q  for  which  log- 
Poisson  and  log-Levy  models  arc  fitting  the  empirical  data:  this  clearly  shovss  the 
validity  of  the  log-Levy  mode!  (with  a  =  1.5  ±0.1 )  as  opposed  to  the  log-Poisson 
iiukIcI  which  has  no  scale-invariant  parameter. 


TURBULENCE  PARAMETRIZATION  USING  FRACTAL  SYN¬ 
THETIC  FIELDS 

A.  Scout  (1).  A.  Scotti  (1)  and  C.  Meneveau  (2) 

(1)  Woods  Hole  Oceanographic  Institution.  Woods  Hole.  MA,  02536,  US.\. 

(2)  Johns  Hopkins  University,  Baltimore.  MD  2121$.  USA. 
ascottiCwboi.edu/Fax:  [-|-l]-50$-4o7-2l$l 

Turbulent  fields  that  are  encountered  in  many  geophysical  applications  have 
geometric  properties  that  are  better  described  in  terms  of  fractals.  This 
talk  presents  a  new  way  to  express  the  subgrid  stress  tensor  that  arises  in 
Large  Eddy  Simulation  (LES)  of  turbulent  flows  by  means  of  synthetic  fractal 
subgrid-scale  fields.  First,  the  relevant  matematical  tool  is  reviewed.  Next,  the 
model  is  aj^Ued  to  a  simple  ID  scenario,  Burgers  equation  with  a  stocastic 
forcing.  Then,  the  extension  to  the  3D  case  is  derived,  which  is  used  to  for¬ 
mulate  a  subgrid  closure.  The  model  is  applied  to  both  steady  and  decaying 
isotropic  turbulence.  We  find  that  the  assumption  of  fractality  per  se  is  not 
enough  to  yield  physically  meaningful  results,  and  explore  several  variants  of 
the  model  in  which  the  rules  to  generate  the  synthetic  field  explicitly  incorpo¬ 
rate  the  condition  that  energy  dissipation  take  place.  Good  results  are  obtained 
only  once  the  fractal  dimension  is  allowed  to  vary  in  different  eigendirections 
of  the  resolved  rate  of  strain  tensor  as  to  (nearly)  maximize  energy  dissipation. 
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SEtF-ORGANIZED  CRITICALITY  :  A  SIGNATURE  OF  QUAN¬ 
TUMLIKE  MECHANICS  IN  ATMOSPHERIC  FLOWS 

A.M.Selvam  and  Suvarna  Fadnavis 

Indian  Institute  of  Tropical  Meteorology,  Pune  411  008  , India. 
aelvaaOtropnet .  aniet .  in 

The  spontaneous  organization  of  selfsimilar  (fractal)  space-time  fluctuation  pat¬ 
terns  generic  to  dynamical  systems  in  nature  is  identified  as  self-organized 
criticality(Bak  et.al.l988:  Phys.Rev.A.38,364).  Atmospheric  flows  exhibit  self- 
organized  criticality  manifested  as  the  fractal  geometry  to  the  global  cloud 
cover  pattern  concomitant  with  inverse  power  law  form  for  power  spectra  of 
temporal  fluctuations.  Mary  Selvam(1990:Can.J.Phys.68,831)  and  Mary  Sel- 
vam  et.al.(1992:Int'l  J. Climatology  12,137)have  proposed  a  non-determlnlstic 
cell  dynamical  system  model  for  atmospheric  flows  which  predicts  the  observed 
self-organized  criticality  as  a  direct  consequence  of  quantumlike  mechanics  gov¬ 
erning  flow  dynamics.  The  model  predictions  are  as  follows. (I)Atmoepherlc 
flows  follow  an  overall  logarithmic  spiral  trajectory  with  the  quasiperiodic 
Penrose  tiling  pattern  for  the  internal  structure. (2)Traditional  power  spectral 
analyses  of  such  spiral  flow  structures  will  reveal  a  continuum  of  eddies  with 
embedded  dominant  waveband8.(3)The  power  spectra  follow  the  universal  in¬ 
verse  powerlaw  form  of  the  statistical  normal  distribution, thereby  providing 
unique  quantification  for  observed  self-organised  criticality.  (4)Climate  change 
induced  by  man-made  greenhouse  gas  related  atmospheric  warming  will  result 
in  intensification  of  fluctuations  of  all  scales  seen  immediately  in  high  frequency 
fluctuations. 


TIDALLY  INDUCED  HETEROGENEITY  IN  DIFFERENT 
HYDRODYNAMIC  CONDITIONS:  A  MULTIFRACTAL  ANALYSIS 

L.  Seuront  (Station  Marine,  ERS  395,  BP  80,  62930  Wimereu.\,  France) 

F.  Schmitt  (Institut  Royal  M6tdorologiquc  de  Bruxelles,  Belgium) 

V.  Gentilhomine  (Station  Marine)  and  Y.  Lagadeuc  (Station  Marine) 

D.  Schertzer  (Laboraioire  de  Mod61isation  en  Mecanique,  Paris.  France) 

The  mullifractal  properties  of  temperature,  salinity,  in  vivo  fluorescence  (i.e. 
estimate  of  ph>loplanJcton  biomass)  and  nutrient  concentration  recorded  for  time 
scale  of  I  sec  to  I  hr  were  investigated  in  different  hydrodynamical  regimes  related 
to  tidal  forcing.  Power  spectrum  and  probability  distribution  analyses  indicate  that 
temperature,  salinity  and  nitrites  fields  arc  scaling  over  the  whole  range  of  scales 
whereas  the  temporal  scaling  regime  was  appro.ximately  U25  sec  for  the 
fluorescence  field,  and  that  the  whole  data  were  hjperboUcally  iniennitieni.  The 
analyses  of  statistical  moments  show  that  variability  of  these  different  parameters 
were  well  characterized  by  a  muliiscaling  behavior  for  low  order  moments. 
Moreover,  the  characteristic  spectral  e.xponent  /J.  the  first  order  scaling  e.xponent  of 
the  structure  functions  ^(0  =  as  well  as  the  basic  universal  multifractal 
parameter  Ci  determined  using  the  Double  Trace  Moment  analysis  technique 
clearly  showed  a  tidal  variability.  These  results  showed  that  the  structuration  of 
temperature,  salinity,  pltyioplankton  biomass  and  nutrient  concentration  can  then 
be  viewed  as  the  result  of  multiplicative  processes,  wholly  dependent  on  the 
hydrodynamical  conditions  associated  with  tidal  c)de. 


NONDIFFUSIVE  SCATTERING  STATISTICS  IN  UNIVERSAL 
MULTIFRACTAL  CLOUDS: 

B.  Warson  (Department  of  Physics,  St.  Lawrence  University.  New  York), 

S.  Lovejoy.  (Department  of  Physics,  McGill  University.  3600  University  St., 
Montreal.  Quebec,  Canada.  H3A  2T8) 

D.  Schertzer  (L.M.MyC.N.R.S.,  BP  162,  University  Pierre  et  Marie  Curie,  4  Place 
Jussieu  F-75252  Paris  Cedex  05,  France) 

Recently,  we  developed  a  multifractal  scattering  formalism  for  radiative 
transfer  in  multifractal  clouds  in  which  the  (nondimensional)  extinction  coefficient  k 
takes  the  place  of  the  scaling  parameter  X.  This  allowed  us  to  renormalize  the 

multifractal  cloud  defining  an  "effective"  extinction  coefficient  . 

(Note,  K'(0)<0;  K(q)  is  the  moment  scaling  exponent  for  cloud  density);  this  result 
requires  only  analyticlty  at  q-0. 

We  have  now  extended  this  to  certain  nonanalytic  cases  (with  exponent  of 
nonalayticity  Ka<2;  corresponding  to  universal  multifractals),  obtaining 
a 

**  (logK)T.  Due  to  large  "Levy  holes",  photons  travel  extremely  far  -  even  in 
clouds  which  are  on  average  very  optically  thick.  The  nondiffusive  nature  of  this 
scattering  can  be  quantified  by  comparing  the  most  probable  distance  with  the 
R.M.S.  distance;  these  quantities  are  nearly  equal  in  thick  clouds  with  analytic  K(q) 

at  q=0,  but  in  these  universal  multifractal  clouds,  they  vary  as  and 

a 

(logic)  2  respectively.  Note  that  these  occasional  long  distance  scatters  will  -  in 
the  presence  of  water  vapour  -  significantly  contribute  to  anomalous  cloud 
absorption. 


A  METHOD  TO  IDENTIFY  MORPHOLOGY  AND  SPATIAL  SCALE  OF 
CLOUD  SYSTEMS  USING  FRACTAL  BOX-COUNTING  DIMENSIONS 

L.  M.  Vesooll  de  Carvalho  (Dept,  of  Atmospheric  Sciences,  USP.  Brazil) 

M.  A.  F.  Silva  Dias  (Dept,  of  Atmospheric  Sciences,  USP,  Brazil) 

L.  A.  Toledo  Machado  (Aeronautical  and  Space  Institute,  CTA,  Brazil) 

Mesoscaie  cloud  systems  are  followed  in  satellite  infrared  Images  during  their  life 
cycle  over  the  equatorial  Pacific  Ocean.  Using  a  technique  of  cloud  classification 
based  on  IK  and  VIS  radiance,  convective  tops  are  separated  from  thick  anvil.  Box¬ 
counting  dimension  (Db),  graph  dimension  (Dg)  and  fraction  of  clouds  (Ac)  are 
computed  for  the  images  of  systems  and  convective  lops  during  their  life  cycle. 
Through  the  application  of  Principal  Components  Analysis  using  as  variables  Ac. 
Db,  Dg  for  216  images,  eight  patterns  of  clouds  have  been  separated  according  to 
their  spatial  scale  and  morphology  defined  by  multifractal  properties.  Time 
evolution  of  these  patterns  are  studied  for  68  life  cycles  of  cloud  s\  stems.  Frequency 
of  patterns  and  how  these  are  related  to  phase  and  duration  of  life  cycles  are 
investigated.  Predominance  and  transition  of  patterns  for  anvils  and  convective  tops 
are  also  shown.  Time  evolution  of  structural  characteristics  related  to  size,  intensity 
and  spatial  distrubutlon  of  cells  are  compared  to  the  observed  change  in 
morphology.  It  is  shown  that,  in  general,  patterns  of  svsiems  and  embedded 
convective  tops  are  similar,  but  for  most  cases  convective  tops  have  larger  ratio 
perimeter'area. 


MULTIFRACTAL  ANALYSIS  OF  CLOUDS  FROM  5000KM  TO 
50CM  AND  THE  DEMISE  OF  THE  MESOSCALE  GAP 

D.  Stanway*  S.  Lovejoy,  J.  (Department  of  Physics,  McGill  University.  3600 
University  St.,  Montreal,  Quebec,  Canada,  H3A  2T8) 

D.  Schertzer  (L.M.M./C.N,R.S.,  BP  162,  Universitd  Pierre  el  Marie  Curie,  4  Place 
Jussieu  F-75252  Paris  Cedex  05,  France) 

The  standard  model  of  the  atmosphere  assumes  that  the  small  and  large  scales 
are  isotropic  homogeneous  3-D  and  2-D  turbulences  respectively,  with  these  two 
qualitatively  different  regimes  seperated  by  a  meso-scale  "gap"  in  the  spectrum  at 
scales  of  roughly  10km  (the  vertical  pressure  scale).  Identifying  the  2-D  turbulence 
part  with  the  "weather”  is  the  classical  justification  for  the  lack  of  explicit  treatment 
of  subgrid  processes  in  numerical  weather  models.  We  analyzed  over  a  thousand 
visible  and  infra  red  images  from  geostationary  (CMS),  polar  orbiting  (NOAA  12, 
14,  SPOT)  satellites  as  well  as  ground  based  images  (roughly  100  times  more  data 
than  that  used  on  any  comparable  study)  to  study  the  scaling  properties  of  clouds 
over  the  range  5000km  to  aSOcm.  As  predicted  by  the  unified  scaling  model,  the 
radiance  fields  are  indeed  very  close  to  what  is  expected  for  universal  muftifractals.  In 
the  latter,  the  infinite  hierarchy  of  exponents  (e.g.  dimensions/codimensions)  is 
described  by  only  three  universal  exponents  (H.  C|,a):  (he  nonconservation 
exponent  (H)  of  the  mean  field;  the  mean  singularity  (C])  and  (Levy)  index  of 
mulilfractality.  The  clustering  over  the  values  of  C|.  a  near  Ci«0.075,  a»1.88 
indicates  that  the  probability  distributions/statistical  moments  of  the  generator  have 
nearly  identical  scaling  properties  over  the  range  l-5000km.  Finally,  we  compare 
these  results  with  those  of  ground  based  photography,  which  again  shows 
quantitatively  similar  scaling. 
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Interpolation  of  Universal  Multifractals 
V.G.  Bar'yahtar,  D.  Shertzer,  V.V.  Yanovsky 
Lab.  for  Turbulence  Research,  Institute  for  Single  Crystal 
National  Acad.  Sci.  Ukraine,  Lenin  Ave  60  JCharkov 
310001,  Ukraine.  Email:  yanovsky@isc.kharkov.ua.  Fax: 
38(0572)32  02  73 

One-parameter  family  of  invariants  of  universal 
multifractal  has  been  obtained.  The  existence  of  such 
invariants  implies  the  existence  of  mles  allowing  one  to 
express  higher  one-point  moments  in  terms  of  lower  ones. 
If  for  a  multifractal  one  finds  one  of  these  invariants,  this 
signifies  that  such  a  multifractal  is  in  class  of  universal 
multifractals  with  a  definite  Levy  index.  A  simple 
algorithm  for  interpolating  universal  multifractals  based  on 
the  invariance  discovered  has  been  proposed.  The 
convergence  of  the  algorithm  has  been  proved,  and  velocity 
of  convergence  has  been  analytically  simulated. 


SCALING  Laws  for  Tropical  Storms  and  Hurricanes:  A  Basis  for  Predicting 
Probability  of  Landfall  Wind  Speed 

r  r  Rannn.  U.S.  Geological  Survey,  600  4*  St.,  South,  SL  Petersburg,  FL  33701 ,  US  A;  Barton@usgs.gov 

Scaling  laws  are  proposed  for  three  phenomena:  maximum  wind  speed  of  tropical  storms  (34 
to  85  knots),  maximum  wind  and  speed  of  hurricanes  (>85  knots),  and  time  interval  between 
tropical  storms  and  hurricanes.  Note  that,  traditionaily,  hurricanes  have  been  defined  as 
storms  with  wind  speeds  greater  than  64  knots.  However,  at  85  knots  there  is  an  abmpt 
change  from  one  scaling  law  to  another,  which  is  coincident  with  formation  of  the  hurricane 
eye.  Therefore,  it  is  proposed  that  the  term  hurricane  be  used  oniy  for  storms  with  maximum 
wind  speeds  greater  than  85  knots.  A  fractai  scaling  law  is  proposed  for  the  frequency  of 
maximum  wind  speed  of  tropical  storms  that  have  made  landfall  on  the  Atlantic  and  Gulf  of 
Mexico  coasts  of  the  U.  S.  over  the  past  106  years.  An  exponential  scaling  law  is  proposed 
for  hurricanes.  The  time  intervals  between  landfall  for  tropical  storms  and  hurricanes  making 
landfall  on  the  Atlantic  and  Gulf  of  Mexico  coasts  of  the  U.  S.  over  the  past  106  years  follow 
an  exponential  scaling  law.  The  maximum  wind  speed  frequency  distribution  of  tropical 
storms  that  have  made  landfall  on  the  Atlantic  and  Gulf  of  Mexico  coasts  of  the  U.  S.  follows 
a  fractal  scaling  law,  N  =  o(w)° ,  where  N  is  the  cumulative  frequency,  a  is  a  constanL  w  is  the 
maximum  wind  speed,  and  D  is  the  scaling  exponent,  ranging  from  -0.82  to  -1.97  depending 
on  location.  This  law  for  wind  speed  and  an  exponential  law  for  the  time  interval  between 
events  are  used  together  to  calculate  probabilities  of  future  tropical  storms  of  a  given 
maximum  wind  speed  as  a  function  of  location.  The  maximum  wind  speed  frequency 
distributions  of  hurricanes  that  have  made  landfall  on  the  Atlantic  and  Gulf  of  Mexico  coasts 
of  the  U.S.  follow  an  exponential  scaling  law,  V  =  a(e)*",  where  N  is  the  cumulative 
frequency,  rr  is  a  constant,  w  is  the  maximum  wind  speed,  and  b  is  the  scaling  exponenL 
which  ranges  from  -0.07  to  -0.13  depending  on  location.  This  exponential  law  for  wind 
speed  and  an  exponential  law  for  the  time  interval  between  events  are  used  together  to 
calculate  probabilities  of  future  hurricanes  of  a  given  maximum  wind  speed  as  a  funetion  of 
location  along  the  Atlantic  and  Gulf  of  Mexico  coasts  of  the  U.S. 


MONITORING  THE  REGIONAL  AND  GLOBAL  SEISMICITY  BY 
NATIONAL/REGIONAL  DATA  CENTERS 

Manfred  Baer 

Swiss  Seismological  Service,  ETH  Zurich 
baer@seismo.ifg.ethz.ch 

In  the  European-Mediterranean  region,  a  great  number  of  nation¬ 
al  and  regional  data  centers  monitor  the  seismicity  with  different 
goals:  such  as  exact  hypocenter  location  and  fault  mechanisms, 
rapid  epicenter  and  magnitude  determination  or  just  purely  scien¬ 
tific  purposes. 

This  paper  reviews  the  seismicity  of  Switzerland  of  the  past  25 
years,  addressing  different  aspects  of  data  collection  and  alarm 
procedures,  location  accuracy  and  magnitude  thresholds  ,  as 
well  as  the  exchange  of  data  with  surrounding  countries  for 
events  near  the  border. 


MULTIFRACTALITY  OF  CHERNOBYL  FALL-OUT  AND  THE 
ESTIMATION  OF  DOSES  ACCUMULATED  BY  INDIVIDUALS. 

Y.  Chigirinskavafll.  D.  Scheitzer  (1)  and  S.  Lovejoy  (2) 

(1)  L.M.M.,  Universile  P.&  M.  Curie,  Paris,  France,  chigiri@lmm.jussieu.fr  /  Fax: 
(33-1)  44  27  52  59,  (2)  Physics  dept.,  McGill  University,  Montreal,  Canada. 

We  discuss  the  influence  of  geophysical  turbulence  transport  on  the 
multifractal  complexity  of  Chernobyl  radio  nuclides  contamination 
distribution  and  point  out  new  ways  for  doses  evaluation  taking  it  into 
account.  We  present  two  data  sets  of  the  cumulative  soil  deposition 
collected  around  Chernobyl:  the  short  range  (<150  km)  inhomogeneous 
point  like  distribution  and  the  middle  range  (<300  km)  homogeneous  pixel 
distribution;  the  values  range  from  0,4  to  6x10^  kBq/m^.  We  proceed  to  an 
empirical  estimate  of  the  universal  multifractal  and  corresponding  critical 
exponents,  which  confirm  that  the  highly  intermittent  field  of  soil 
contamination  is  the  result  of  a  non  classical  SOC  transport  mechanism.  We 
argue  that  "hotspots"  at  all  scales  and  at  all  intensities  displayed  by  the 
Chernobyl  fall-out  play  a  fundamental  role  for  risk  assessment  and 
monitoring.  Indeed  we  show  that  the  probability  distribution  of  the  doses 
accumulated  by  random  walkers  traveling  within  a  multifractal  distribution 
of  contamination  can  not  be  characterized  by  the  usual  mean  dose.  We 
analytically  demonstrate  that  the  random  walk  dimension  Dw  and  the 
moment  scaling  function  K(q)  of  contaminated  area  define  a  critical 
moment  qow  after  which  the  PDF  of  accumulated  doses  will  have  algebraic 
fallout:  the  probability  of  having  the  dose  10  times  larger  than  given  dose 
will  by  only  lO'dDw  tjn,gs  smaller. 


self-affinity  and  dynamic  scaling  of  extreme 
STORM  precipitation 

C.  De  Michele.  N.  T.  Kottegoda  and  R.  Rosso 
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The  concepts  of  scaling  and  multiscaling,  developed  in  the  last  twenty  years, 
provide  a  powerful  framework  for  studying  spatial  and  temporal  variability  of 
numerous  hydrological  processes.  The  areal  reduction  factor  (ARF)  of  storm 
precipitation,  widely  used  for  reducing  the  point  rainfall  to  obtain  areal  average 
values,  reflects  the  scaling  properties  of  precipitation  in  space  and  time.  The 
concepts  of  statistical  self-affinity  and  dynamic  scaling  are  used  to  understand  better 
the  aggregation  of  extreme  rainfall  precipitation  at  different  temporal  and  spatial 
scales.  An  analysis  of  current  formulas,  generally  used  to  determine  ARF,  shows  an 
inadequacy  to  reproduce  the  variability  of  extreme  rainfall.  So  a  new  formula  for  the 
areal  reduction  factor,  based  on  this  approach,  is  proposed.  Application  is  made  to 
data  in  the  United  Kingdom  as  reported  in  the  NERC  Flood  Studies  Report  and 
observations  from  Milan,  Italy,  ranging  from  20  minutes  to  12  hours  and  from  about 
0.2  to  314  km^  These  studies  indicate  that  the  conjechire  that  storm  rates  in  space 
and  time  are  self-affine  for  extreme  events,  taking  in  account  the  relative 
insensitivity  of  the  areal  reduction  factor  to  the  probability  of  exceedance,  provides 
a  useful  approach  to  the  evaluation  of  design  storms. 
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A  MODEL  FOR  NUMERICAL  SIMULATION  OF  THE  STATIS¬ 
TICAL  PROPERTIES  OF  PRECIPITATION  FIELDS 
R.  Deidda  (1),  R.  Benzi  (2)  and  F.  Siccardi  (3) 

(1)  CRS4,  Cagliari,  Italy,  (2)  University  of  Rome,  Italy,  (3)  University  of  Gen¬ 
ova,  Italy. 

A  multifractal  model  for  generation  of  synthetic  rainfall  is  presented.  The  model 
is  based  on  wavelet  decomposition  with  coefficients  extracted  by  a  multiplica¬ 
tive  stochastic  cascade.  The  Log-Poisson  probability  distribution  is  used  as 
random  generator  of  the  multiplicative  process.  The  theoretical  derivation  of 
statistical  properties  of  the  model  shows  that  synthetic  signals  follow  anoma¬ 
lous  scaling  laws  depending  only  on  two  parameters:  the  expectation  of  the 
Poisson  distribution  c  and  a  parameter  0.  Properties  of  generalized  extended 
self-similarity  depend  only  on  the  0  parameter.  The  optimal  agreement  between 
expected  and  sampled  scaling  is  shown  through  some  examples  of  Monte  Carlo 
simulations  in  R  and  Rr.  Scaling  laws  of  real  rainfall  in  time  and  space  were 
also  computed  to  apply  the  model  for  downscaling  problems. 


MULTIFRACTAL  ANALYSIS  OF  RAINFALL  FIELDS  IN  TIME 
AND  SPACE 

R.  Deidda  (1),  F.  Siccardi  (2)  and  R.  Benzi  (3) 

(1)  CRS4,  Cagliari,  Italy,  (2)  University  of  Genova,  Italy,  (3)  University  of 
Rome,  Italy. 

In  order  to  apply  multifractal  models  for  downscaling  large  scale  precipitation 
fields,  a  multifractal  analysis  of  rainfall  in  time  and  space  was  performed  to 
investigate  statistical  properties  and  anomalous  scaling  laws. 

Results  of  high  resolution  rain  time  series  recorded  in  Genova  (Italy)  display 
the  presence  of  an  external  scale,  physically  coherent  with  typical  extreme 
storms  of  the  area,  around  10-r20  hours:  anomalous  scaling  laws  hold  in  the 
two  ranges  of  time  scales  shorter  or  longer  than  this  threshold.  Some  synthetic 
rainfall  time  series  were  generated  with  a  new  multifractal  model  based  on 
wavelet  decomposition  with  coefficients  extracted  by  a  multiplicative  stochastic 
cascade:  the  Log-Poisson  probability  distribution  has  been  assumed  as  random 
generator.  Synthetic  time  series  have  shown  very  similar  statistical  behaviour 
to  that  observed  for  the  Genova  series.  The  potential  of  the  multifractal  model 
in  reproducing  extreme  rainfall  events  was  also  investigated. 

Precipitation  fields  from  the  GATE  campaign  and  from  a  numerical  simulation 
with  a  meteorological  limited  area  model  (LAM)  were  used  to  perform  a  multi¬ 
fractal  analysis  of  rainfall  in  space.  Results  from  G.4TE  fields  have  shown  that 
spatial  scaling  of  rainfall  depends  on  time  duration.  Despite  the  strong  simplifi¬ 
cations  of  microphysical  processes  applied  in  meteorological  models,  statistical 
properties  of  LAM  rainfall  fields  were  very  close  to  the  GATE  ones. 


MEASUREMENT  OF  CS-137  SOIL  DEPOSIT  WITH  METER  SPATIAL 
RESOLUTION  AND  EVALUATION  OF  FRACTAL  CHARACTERISTICS 
OF  RADIOACTIVE  CONTAMINATION  SPOTS 

O.  P.  Ivanov.  A.  V.  Chesnokov,  and  S.  B.  Shcheibak 
RECOM  Ltd,  RRC  TCurchatov  Institute",  Moscow 

The  investigation  of  the  levels,  mechanisms  and  geometric  characteristics  of  the 
ladibactive  contamination  spots  on  soil  was  carried  out.  The  specific  indicator  is 
radioactive  isotope  Cs-137.  The  investigation  consists  of  three  parts: 

i)  direct  measurements  of  Cs-137  level  in  natural  conditions; 

ii)  storing  of  database  on  the  radioactivity  levels  in  contaminated  areas; 

iii)  determination  of  fractal  characteristics  of  contamination  spots. 

The  measurements  were  performed  with  the  device  "Corad"  developed  by  the 
researchers  and  registering  the  fluxes  of  quanta  within  the  chosen  energy  range. 
Their  minimum  resolution  is  about  1  m.  The  contaminated  area  is  covered  by  the 
registration  nets  2mx2m,10mxl0m  and  200  m  x  200  m  with  the  total  number 
of  points  about  8000-10000.  The  line  measurements  with  step  2  m  were  performed 
too.  After  computer  processing  the  data  stored  in  the  database.  The  geometric 
characteristics  of  a  contamination  ^t  expressed  in  terms  of  fractal  theory.  The 
fractal  dimensions  contain  the  important  information  on  relevant  fectors 
determining  the  spreading  of  radioactivity.  These  measurements  permit  to  separate 
the  specific  and  universal  features  of  contamination  and  to  determine  more 
accurately  the  dangerous  levels  of  radioactivity. 


A  SCALE  or  COSMIC-TERRESTRIAL  CATASTROPHES 
V .P .Korobeinikov , 

for  Computer  Aided  Design,  RAS,  Moscow, 
Russ  ia.  E-mail  :inapi:o0glasnet.ru/Fax:+7O9S2SO  955  4 

A  conception  of  cosmic-terrestrial  catastrophes 
scaling  is  developed  for  the  events  of  small 
celestial  bodies (meteoroids, asteroids, fragments 
of  comet  heads) collisions  with  the  Earth.  The 
collisions  ace  divided  into  classes:  air-blast 
catastrophes  (ABC)  and  impact-collision  events 
(ICC) .  He  also  classify  various  types  of  the 
catastrophes  respect  to  damage  scale  as:  local, 
global  those  and  supeccatastcophes .Dimensionless 
intensities,  (magnitudes)  of  the  catastrophes  are 
introduced.  Results  of  several  collisions  study 
are  used.  He  suggest  to  use  the  Tunquska  explosion 
intensity  as  a  scale  unit  for  ABC  events .Logarithm 
of  relative  blast  energy  is  recommended 
for  the  .ABC  magnitude.  A  simple  formula  for 
relation  between  usually  used  magnitude  of  a 
Earthquake  and  cosmic  body  energy  is  derived  for 
the  ICC  case.  Events  of  the  body  falling  into  ocean 
water  and  tsunami  effect  ace  also  considered 
separately. 


A  Systematic  Global  Assessment  of  the  Seismic  Hazard 

V.G.  Kossobokov  (1),  D.L.  Turcotte  (2).  and  B.D.  Malamud  (2) 

(I)  Intemalional  Institutue  for  Earthquake  Prediction  Theory  and  Mathematical 
Geophysics,  Warshavakaye  sh  79,  Kor.  2,  Moscow  13556,  Russia;  (2)  Department 
of  Geological  Sciences,  Cornell  University,  Ithaca,  NY  14853-1504  USA 

Quantitative  and  reliable  assessments  of  the  regional  seismic  hazard  can 
provide  a  rational  basis  for  constmetion  codes,  insurance  rates,  and 
levels  of  hazard  preparation.  In  this  paper,  a  systematic  global  approach 
to  the  hazard  assessment  is  proposed  based  on  the  direct  association  of 
small  earthquakes  with  large  earthquakes.  This  association  is  based  on 
Guttenberg-Richter  frequency-magnitude  statistics.  These  statistics  have 
been  accepted  as  evidence  that  earthquakes  exhibit  self-organized 
critical  behavior.  We  introduce  the  seismic  intensity  factor,  the  average 
number  of  earthquakes  per  year  in  a  1°  x  1°  region  with  magnitude 
greater  than  or  equal  to  four.  We  present  global  and  regional  maps  of 
the  seismic  intensity  factor  based  on  data  from  the  NEIC  Global 
Hypocenter  Database  from  1963-1994.  The  seismic  intensity  factor  can 
be  used  to  estimate  the  recurrence  intervals  of  an  earthquake  with  a 
specified  magnitude.  A  comparison  is  made  with  a  global  map  of  the 
largest  earthquakes  that  have  occurred  in  each  1°  x  1°  region  in  the  last 
95  years.  The  limitations  of  this  approach  will  also  be  discussed. 


APPARENT  (?)  BREAKS  IN  FREQUENCY-MOMENT  SCALING 
Ian  Main 

Dept.  Geology  &  Geophysics,  University  of  Edinburgh 
lan.main@ed.ac.uk  /Fax +44  131  668  3184 

It  has  been  suggested  that  the  finite  width  of  the  seismogcnic  lithosphere  can  have  a 
strong  effect  on  the  power-law  scaling  of  frequency-moment  relation  for  large 
earthquakes.  Theories  have  been  proposed  in  which  large  earthquakes  have  either  a 
shallower  or  a  sleeper  power-law  slope  in  the  incremental  frequency-moment 
distribution,  at  characteristic  seismic  moments  corresponding  to  earthquakes  which 
rupture  the  entire  seismogcnic  depth.  Many  authors  have  applied  the  predicted 
double-slope  distribution  •  requiring  five  independent  parameters  -  to  cumulative 
frequency  data,  and  used  the  location  of  the  break  of  slope  to  make  inferences  on 
characteristic  size  effects  in  the  earthquake  source  in  different  seismoiectonic 
regions.  Here  wc  examine  the  problem  in  a  forward  modelling  mode,  by  adding  a 
degree  of  statistical  scatter  to  ideal  incremental  frequency-moment  distributions  of 
various  commonly-used  forms,  including  the  single  slope  (Gutenberg-Richier), 
double-slope,  'characteristic',  and  gamma  distributions.  We  find  that,  in  each  case, 
the  combination  of  high-frequency  noise  introduced  by  the  random  statistical  scatter 
and  the  more  gradual  natural  roll-over  in  the  cumulative  frequency  data  near  the 
maximum  seismic  moment  can  produce  apparently  convincing,  but  in  fact 
completely  spurious,  ‘double-slope’  distributions,  even  when  this  is  not  present  in 
the  underlying  distribution.  We  conclude  that  simpler  solutions  to  the  frequency- 
moment  problem  should  be  adopted  for  seismic  hazard  applications  until  sufficient 
data  exists  to  resolve  such  effects  uniquely.  The  simplest  generic  frequency-moment 
distribution,  consistent  with  existing  short-term  earthquake  catalogues  and  longer- 
term  finite  tectonic  moment  release  rates,  with  modern  theories  of  earthquakes  as 
critical  phenomena,  and  requiring  the  minimum  number  of  Independent  variables 
(i.c.  three),  is  the  gamma  distribution. 
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Why  DO  Forest  Fires  Obey  Power-Law  (Fractal) 
Frequency-Area  Statistics? 
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USA;  Malamud@Geology.Comell.edu  or  Bruce@Malamud.Com 

Forest  fires  and  wildfires  are  clearly  very  complex  natural  hazards.  Yet,  as  we 
show,  they  obey  power-law  (fractal)  frequency-area  statistics  in  a  very  robust 
way.  Five  fire  datasets  satisfy  the  relation  Mf  ~  At"®  (Aft  the  noncumulative 
number  of  fires  with  area  At).  The  regions  include  Southern  California, 
Australia,  Alaska,  and  the  whole  of  the  USA.  The  time  periods  range  from  2 
to  800  years  of  data  (the  last  from  tree  rings).  Although  these  datasets  arc 
from  very  different  regions  and  time  periods,  each  exhibits  very  similar  power- 
law  exponents  (1.3  <  a  <  1.5)  with  excellent  power-law  fits.  Two  quite 
different  “fOrest-fire”  models  have  been  previously  proposed.  The  first  is  a 
site-percolation,  critical-point  model  in  which  the  probability  of  a  tree  being 
on  a  site  (considering  a  square  grid  of  sites)  is  specified.  Power-law  statistics 
are  only  found  in  the  vicinity  of  the  “critical”  value  of  this  probability.  The 
second  model  is  the  self-Organized  critical  “forest-fire"  model,  in  which  trees 
are  continuously  planted  and  matches  dropped  at  1//,  time  steps,  where/,  is  the 
sparking  frequency.  In  this  case,  power-law  (fractal)  statistics  are  found  for  all 
values  of  the  tuning  parameter  (the  sparking  frquency).  It  is  concluded  that 
small  forest  fires  are  a  necessary  condition  for  the  establishment  of  tree 
clusters  that  have  power-law  frequency  size  statistics. 


SCALE  INVAMANCE  OF  STORM  SURFACE  RUNOFF 
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The  conjecture  that  extreme  storm  probabilities  display  scale  invariance  for  a  wide 
range  of  temporal  scales  yields  simple  models  for  prediction  of  design  storms:  For 
example,  the  analysis  of  annual  maximum  rainfall  data  for  durations  from  1  to  24 
hours  in  the  Po  river  valley  indicates  that  simple  scaling  cannot  be  rejected  for  more 
than  90%  of  390  stations  in  an  area  of  about  70,000  km’.  Because  of  nonlinear 
hillslope  response,  also  including  threshold  effects,  one  is  interested  in  assessing 
also  the  scaling  properties  of  surface  runoff  as  produced  by  extreme  storm  rainfall. 
We  address  this  problem  by  deriving  direct  runoff  from  simple  scaling  extreme 
storms  as  represented  by  Intensity-Duration-Frequency  (IDF)  curves  in  the  form  of 
a  power  fimetion  of  duration  with  constant  exponent  n  for  any  frequency  level.  Four 
infiltration  models  are  used  to  derive  surface  runoff,  namely,  the  Philip’s  equation, 
the  Horton’s  equation,  the  Green  and  Ampt  method,  and  die  SCS  Curve  Number 
method.  It  is  shown  that  surface  runoff  rate  r  scales  as  a  power  function  of  runoff 
duration  r,  i.e.,  r  oc  r,"”,  for  the  four  investigated  models  and  a  wide  range  of 
normalized  infiltration  parameters.  Note  that  power  law  scaling  only  emerges  if 
runoff  duration  I,  is  properiy  evaluated  from  storm  duration  and  ponding  time. 
Although  the  value  of  m  asymptotically  achieves  that  of  n,  it  strongly  depends  upon 
frequency,  so  one  figures  out  that  surface  runoff  is  multiscaling.  This  property  is 
also  examined  for  the  investigated  infiltration  models. 


ANALYSIS  AND  MODELING  OF  THE  FREQUENCY-SIZE  DIS¬ 
TRIBUTION  OF  LANDSLIDES 
J.D.  Pelletier 
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Power  spectral  analyses  of  soil  moisture  variability  are  carried  out  from  scales 
of  100  m  to  10  km  on  the  microwave  remotely-sensed  data  from  the  Washita 
experimental  watershed  during  1992.  The  power  spectrum  S(fc)  has  an  ap¬ 
proximately  power-law  dependence  on  wave  number  k  with  exponent  —1.8. 
This  behavior  has  important  consequences  for  the  frequency-size  distribution 
of  landslides.  We  present  the  cumulative  frequency-size  distributions  of  land¬ 
slides  induced  by  precipitation  in  Japan  and  Bolivia  as  weil  as  landslides  trig¬ 
gered  by  the  1994  Northridge,  California  earthquake.  Large  landslides  in  these 
regions,  despite  being  triggered  by  different  mechanisms,  have  a  cumulative 
frequency-size  distribution  with  a  power-law  dependence  on  area  with  an  ex¬ 
ponent  ranging  from  —1.5  to  —2.  We  use  a  soil  moisture  fieid  with  the  above 
statistics  in  conjunction  with  a  slope  stability  analysis  to  model  the  frequency- 
size  distribution  of  landslides.  In  our  model  landslides  occur  when  a  threshoid 
shear  stress  dependent  on  cohesion,  pore  pressure,  intemai  friction  and  slope 
angle  is  exceeded.  The  cumuiative  frequency-size  distribution  of  domains  of 
shear  stress  greater  than  a  threshold  value  with  soil  moisture  modeled  as  above 
and  topography  modeled  as  a  Brownian  walk  is  a  power-law  function  of  area 
with  an  exponent  of  —1.8  for  large  landslide  areas.  This  distribution  is  similar 
to  that  observed  for  landslides. 


Geometric  Scale-Invariance  in  Transformation-Induced  Faulting 
Frir  M.  Riggs  and  Harry  W.  Green,  II 

lOPP,  Univ.  of  California,  Riverside,  CA  92521,  USA,  eriggs@citrus.ucr.edu 

Observations  of  seismogenic  regions  and  faults  even  at  the  microscopic  scale  often 
obey  fractal  statistics  and  power-law  scaling.  These  phenomena  appear  not  only  with 
faults  at  the  crustal  scale,  but  also  with  the  micromechanics  of  faulting. 
Transfonnation-induced  faulting,  a  leading  candidate  mechanism  of  deep-focus 
earthquakes,  may  also  be  expected  to  show  similar  statistical  characteristics  to  brittle 
systems.  This  mechanism  involves  transformation  of  metastable  olivine  under  stress 
at  conditions  just  sufficient  for  nucleation  of  it's  denser  polymorphs.  The  result  is 
formation  of  numerous  micron-scale  lenses  ("anticracks’’)  of  the  nanocrystalline 
stable  phase  that  coalesce  as  they  grow  to  form  a  network  of  much  weaker  material, 
which  allows  macroscopic  faulting.  We  analyzed  optical  and  SEM  images  of  two 
recent  experiments  conducted  at  2.7  GPa  in  Mg2Ge04  olivine.  One  was  stopped  at 
the  verge  of  shear  failure,  while  the  other  transformed  extensively  and  localized  shear 
but  had  no  rapid  stress  drop.  Despite  their  different  histories,  these  experiments 
developed  similar  fractal  structures.  Individual  antictack  structures  have  fractal 
perimeters  of  D=1.30-1.35,  higher  than  the  coalesced  network  (D=1.18).  These 
results  suggest  different  dynamics  involved  in  the  growth  and  coalescence  of 
anticracks  and  network  sttuctures.  We  also  measured  the  maximum  radius  of 
individual  lenses  of  stable  phase  which  had  not  yet  fully  coalesced  into  a  developing 
network.  We  find  that  the  data  are  almost  log-normally  distributed,  similar  to  the 
distribution  of  microcrack  lengths  observed  in  brittle-field  experiments.  Because 
transformation-induced  faulting  leaves  distinct  mineralogical  traces,  we  propose  that 
it  may  serve  as  a  vehicle  for  studying  the  more  general  phenomenon  of  shear  failure. 


METHODLOGYTO  LOCATE  GEOLOGICAL  RISK  FOR  INSURANCE: 

AN  APPLICATION  FOR  THE  S.  EUFEMIA  AREA  (CENTRAL  CALABRU,  ITALY) 

V.  Rizzo  (IT.  F.  Fragale  (2),  A.Tulelli  (3) 

(1) CNR-1RP1,  via  Verdi  248,  Roges  di  Rende  (Cosenza)  Rizzo@irpi.cs.cnr.it 

(2)  Free-lance  geologist,  via  Grass!  31,  Cosenza 

(3)  SOGIS  srI,  via  Sacchetti  lOA,  00137  Roma 

In  the  aims  of  a  CEE-POP  project,  criteria  were  developed  to  estimate  geological 
risks  along  the  “S.  Eufemia-Catanzaro  Isthmus.”  One  criteria  was  based  on  the 
smdy  of  historical  recurrence  of  more  common  and  dangerous  events  in  the  area, 
including  landslides,  river  floods  and  earthquakes.  A  second  criteria  was  based  on 
mapping  of  hazardous  sites  with  associated  vulnerability.  The  aim  was  to  have  a 
result  immediately  usable  for  the  needs  of  an  insurance  system.  The  mapped  data 
included:  5  lithology  classes,  6  vegetation  covers,  5  landslide  typologies,  2  erosion 
intensity  classes,  2  flood  hazardous  areas,  2  seismic  amplification  classes,  and  3 
urbanization  conditions.  Other  related  parameters  included  slope  morphology, 
hydrogeological  condition,  stractural  weakness,  and  active  faults.  Both  were 
collected  at  the  1:25.000  scale  and  digitized  using  ARCINFO,  thus  supporting 
multiparameter  cross-correlation  on  mesh  areas  of  100  m’.  Detailed  data  on 
estimated  phenomena  recurrence,  vulnerability,  and  esposition  were  furnished  for 
each  cell.  A  new  methodology  was  used  in  the  landslides  classification,  using  five 
hazard  typologies  on  the  base  of  the  tendency  to  reactivate  themselves  in  time 
(instantaneous,  pluridecennal  recurrent,  secular  recurrent,  plurisecular  recurrent, 
continuous)  while  the  relative  vulnerability  was  based  on  the  supposed  rapidity  of 
pre-rupture  phase  acceleration. 


GROWTH  AND  ARREST  OF  EARTHQUAKES 

J.B.  Rundle.  E.  Preston  and  S.  McGinnis  (Colorado  Center  for  Chaos  & 
Complexity,  &  CIRES,  CB  216,  University  of  Colorado,  Boulder,  CO, 

80309,  USA);  W.  Klein  (Dept,  of  Physics,  Boston  University,  Boston,  MA 
02215,USA) 

Classical  theory  predicts  that  earthquakes  growing  in  a  homogeneous  stress 
field  should  not  arrest  until  the  fault  boundaries  are  encountered.  However, 
earthquakes  on  natural  faults,  where  stresses  are  heterogeneous,  are  observed 
over  a  wide  range  of  sizes,  characterized  by  the  Gutenberg-Richter  scaling 
relation.  Here  we  suggest  that  heterogeneity  should  be  characterized  by  the 
Hausdorff  dimension  H  of  the  walk  associated  with  a  stochastic  stress 
difference  field.  The  critical  value  for  arrest,  H  =  .5,  corresponds  to  a  Brownian 
Walk  through  the  stress  difference  field  E(x,t)  =  aF(x,t)  -  a(x,t),  where 
a^(x,t)  is  the  stress  failure  threshold  on  the  fault,  and  <T(x,t)  is  the  current  shear 
stress.  The  growing  rupture  eventually  encounters  regions  where  the  difference 
between  the  strength  and  the  stress  is  large  enough  to  inhibit  further  growth. 
Because  of  the  stochastic  nature  of  the  I(x,t)  field,  the  rupture  is  no  longer  able 
to  propagate  as  a  classical  object  by  concentrating  stress  at  the  crack  tips. 

In  this  talk.  We  present  theory  and  simulation  results  that  support  these  ideas. 
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DYNAMIC  TRIGGERING  OF  SLIP  IN  EARTHQUAKES 

J.B.  Rundle  (Colorado  Center  for  Chaos  &  Complexity,  &  CIRES.  CB  216. 
University  of  Colorado,  Boulder,  CO,  80309,  USA);  W.  Klein  (Dept,  of 
Physics,  Boston  University,  Boston,  MA  02215,USA) 

Recent  observations  and  models  reported  by  Gomberg  et  al.  (Bull.  Seism.  Soc. 
Am.,  87,  294,  1997)  indicate  that  transient  dynamical  strains  from  an 
earthquake  on  a  fault  can  trigger  earthquakes  on  faults  at  near  to  far  field 
distances  from  the  slipping  fault.  Evidently  the  amplitude  of  the  pulse  needed  to 
promote  triggering  is  inversely  proportional  to  the  wave  frequency.  We 
consider  the  physics  of  this  problem  in  the  context  of  simple  meanfield  models 
of  frictional  sliding  on  faults  in  which  the  physics  is  obtained  from  a  Lyapunov 
energy  functional.  In  this  case,  one  can  easily  compute  the  susceptibility  x  of 
slip  on  the  fault  to  the  stress  forcing  due  to  the  pulse,  x  therefore  represents  the 
threshold,  and  for  these  models  with  linear  Lyapunov  functionals,  can  be 
shown  to  vary  inversely  with  wave  frequency.  VV'hile  these  results  do  not 
constrain  the  details  of  the  frictional  physics  or  the  Lyapunov  functional,  they 
do  provide  a  theoretical  rationale  for  the  observations. 


EARTHQUAKES  IN  SOUTHERN  FRANCE  - 

RISK  ASSESSMENT  FROM  A  REINSURER’S  POINT  OF  VIEW 

Fabian  Schbnenberg.  Partner  Reinsurance  Company  Ltd.,  Bermuda 
fabian_schoenenberg@partnerre.com 

Applied  to  the  example  of  Southern  France,  this  lecture  has  the  aim  to 
illustrate,  from  a  reinsurer's  point  of  view,  possible  ways  of  assessing  the 
potential  earthquake  risk  in  areas  with  comparably  low  seismicity.  Although 
records  of  earthquake  activity  in  France  go  back  over  900  years,  there  has 
been  only  a  small  number  of  intense  events.  The  highest  intensity  recorded  in 
Nice  was  about  DC  on  the  Mercalli  Scale  which  occurred  in  the  year  1564.  An 
event  in  Menton  near  Nice  on  23  February  1887  is  thought  to  have  reached  an 
intensity  of  Vn  to  VIII  in  Nice.  A  slight  tremor  in  April  1995  caused 
superficial  damage  to  some  buildings  in  the  Principality  of  Monaco  near  Nice. 
It  is  conceivable,  therefore,  that  a  moderately  serious  earthquake  could  affect 
some  areas  of  France  in  the  future,  particularly  in  the  south-eastern  r^on. 
For  reinsurance  companies,  and  in  particular  those  focusing  on  catastrophic 
low  frequency  /  high  severity  events,  it  is  of  primary  importance  to  conduct  a 
reliable  risk  assessment,  on  a  case-by-case  basis,  with  the  aim  to  derive 
suitable  premiums  also  in  low  seismicity  regions.  In  principal,  this  goal  can  be 
achieved  by  applying  methods  involving  an  appropriate  weighing  of  the  four 
factors  seismicity,  vulnerability,  geographical  distribution  of  values  and 
insurance  conditions. 


A  Fractal  Scaling  Law  for  Tsunami  Runup 

S.F.  Tebbens  (I)  and  C.C.  Barton  (2) 

(I)Univ.  of  South  Florida,  Dept,  of  Marine  Sciences,  140  Seventh  Avenue  South, 
St.  Petersburg,  FL  33701,  USA;  tebbens@marine.usf  edu;  (2)  U.S.  Geological 
Survey,  600  4th  Street,  South;  St.  Petersburg,  FL  33701,  USA;  barton@usgs.gov 

Tsunamis  are  sea  waves  generated  by  earthquakes,  volcanic  eruptions,  landslides, 
or,  in  rare  cases,  by  meteor  impacts  or  man-made  explosions.  They  are  a  natural 
hazard  for  many  coastal  regions  worldwide  including  the  Western  United  States, 
Alaska,  and  Hawaii.  Tsunami  size  can  be  measured  in  terms  of  runup,  which  is  the 
maximum  vertical  height  that  the  wave  reaches  on  land  above  a  reference  sea  level. 
Runup  height  can  vary  from  less  than  a  meter  to  at  least  525  meters  (measured  at 
Lituya  Bay,  Alaska  on  July  10,  1958,  and  associated  with  a  magnitude  7.9 
earthquake.)  We  find  that,  for  the  past  century,  the  cumulative  frequency  of 
tsunami  runups  at  several  sites  around  the  Pacific  rim  each  follow  a  fractal  (power) 
scaling  law,  with  a  scaling  exponent  that  ranges  from  -0.63  to  -2.9  depending  on 
various  factors  including  local  topography  and  the  location  and  type  of  energy 
source.  For  individual  sites,  it  appears  the  scaling  exponent  is  constant  over 
different  time  intervals.  For  instance,  at  Ayukawa,  Japan,  the  scaling  exponent  is 
the  same  (- 1 . 1 )  for  the  interval  from  1 896  to  1939  and  for  the  interval  from  1 940  to 
1982,  which  suggests  that  the  data  are  stable  over  the  sample  intervals  and  may  be 
sufficient  for  extrapolation  to  larger  events  and  forecasting  over  similar  time 
intervals.  We  use  the  scaling  law  for  tsunamis  as  the  basis  for  probabilistic 
forecasting  of  the  size  and  number  of  future  runup  events. 


PHENOMENOLOGICAL  MODEL  WITH  FEATURES  OF  SELF-ORGANIZING  NON-EQUILIBRIUM  SYSTEM 

FOR  SAFETY  MONITORING  OF  UNSTABLE  ROCK  SLOPES 

J.Zvelebil 

Institute  of  Rock  Structure  and  Mechanics,  Academy  of  Sciences  of  Czech  Republic,  Prague 
zvelebil@alpha.irsm.cas.cz  /fax-i-420  2  6880649 

In  engineering  geology,  an  interpretation  of  monitoring  data  provided  by  observation  of  devel¬ 
opment  of  rock  slope  failure  enables  us  to  make  time  prognoses  of  catastrophically  rapid 
collapse  of  the  slope  in  question.  The  empirical-inductive  phenomenological  model  was  set 
up  to  highlight  the  Interprelationally.  diagnostically  and  prognostically  useful  features  of 
movement  activity  on  cracks  which  represent  individual  key  sites  of  different  functional  levels 
within  a  system  of  slope  failure  in  the  course  of  a  rock  fail  preparation.  Its  empirical  part  was 
based  mainly  on  the  data  from  15  years  lasting  operation  of  regional  safety  monitoring  system 
on  sandstone  rock  walls  in  NW  Bohemia.  The  inductive  one  -  applying  also  synergetics,  made 
the  unifying  arrangement  of  the  partial  empirical  data  in  the  frame  of  the  full-scale  sequence 
and  to  fill  up  the  gaps  in  our  experience.  The  model  has  a  form  of  developmental  sequence 
of  characteristic  geometrical  patterns  as  they  are  visible  in  plots  of  dilatometric  records  of 
relative  displacement  on  rock  cracks.  Hierarchical,  non-linear,  discontinuous  and  semi-cyclical 
nature  of  demonstration  of  activity  of  the  slope  movement  in  time  and  space  with  morpho¬ 
logical  similarity  of  curve  undulations  as  between  the  different  hierarchical  levels  of  descrip¬ 
tion  of  the  same  plot  as  well  between  plots  from  different  dilatometric  sites  representing  dif¬ 
ferent  system  levels  of  the  functional  structure  of  the  slope  failure  in  question  are  stressed.  I 
Those  features  must  be  regarded  in  all  our  slope  monitoring  activity,  data  processing  and  in¬ 
terpretation  to  avoid  as  distortions  in  our  grasp  of  the  process  under  inquiry  as  well  to  avoid  i 
interpretative  and  prognostic  errors. 


PREDICTION  OF  CATASTROPHES :  A  NEW  APPROACH 
D.  Sornette 

Laboratoire  de  Physique  de  la  Matiere  Condensee,  CNRS  and  Universite  de 
■Vice-Sophia  Antipolis,  Faculte  des  Sciences,  NICE,  France  and  Institute  of 
Geophysics  and  Planetary  Physics  and  UCLA,  Los  .Angeles,  CA  9009-5-1.567. 
sornetteenaxos.unice.fr/Fax:  [33]  (0)4  92  07  67  54 

V\e  have  determined  that  catastrophes,  as  they  occur  in  various  disciplines, 
have  similarities  both  in  the  failure  of  standard  models  and  the  way  that  sys¬ 
tems  evolve  towards  them.  We  present  a  non-traditional  general  methodology 
for  the  scientific  predictions  of  catastrophic  events,  based  on  the  concepts  and 
techniques  of  statistical  and  nonlinear  physics.  This  approach  provides  a  third 
line  of  attack  bridging  across  the  two  standard  strategies  of  analytical  theory 
and  brute  force  numerical  simulations.  It  has  been  successfully  applied  to  prob¬ 
lems  as  varied  as  failures  of  engineering  structures,  stock  market  crashes  and 
human  parturition,  with  potential  for  earthquakes.  Extensions  of  the  theory 
for  future  research  comprise  the  prediction  of  societal  breakdowns,  terrorism, 
large  scale  epidemics,  and  of  the  vulnerability  of  civilisations. 
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ST6  Nonlinear  dynamics  in  the  heliosphere  (joint  with 
NP) 

Convener:  Macek,  W.M. 

Co-Conveners:  Carbone,  V.;  Grappin,  R. 


SPACE  -  TIME  D\'NAM1CS  MODELING  OF  INTENSIVE 
ALFVEN  WAVE  COLLISION  IN  SOLAR  WIN'D  PLASMA 

N.A.  Barkhatov 

Nizhny  State  Pedagogical  University,  Nizhny  Novgorod,  Russia 
n3barkh.sci-nnov.ru 

Space-time  collision  dynamics  of  intensive  Alfven  waves  in  Solar  wind 
plasma  is  analyzed  on  the  basis  of  the  magnetohydrodynamic  concep¬ 
tion.  For  this  purpose  a  special  computer  program  realizing  MHD 
equations  in  one-scale  approximation  and  making  possible  to  carry 
out  calculating  experiments  in  dialog  regime  was  used.  In  numer¬ 
ical  experiments  Alfven  wave  transformation  into  magnetic  sound 
and  the  influence  of  given  disturbances  scales  correlation  on  result 
of  their  interaction  were  studied.  Simulation  confirms  phenomenon 
of  reflection  from  the  regions  of  abrupt'  parameters*  change,  which 
are  sensitive  to  space  scales  of  interacting  objects.  Obtained  results 
are  the  illustration  of  the  intensive  Alfven  wave  interaction  process, 
carrying  the  high  level  of  magnetosound  disturbance  in  Solar  wind. 


MAGNETOHYDRODYNAMIC  SOLITARY  WAVES: 
RELEVANCE  TO  SOLAR  WIND  OBSERVATIONS 

K  Raiimpartel ,  P.  Hackenberg,  G.  Mann  (Astrophysikalisches 
Institut  Potsdam,  D-14482  Potsdam) 
kbaumgaertel@aip.de 

Inclusion  of  Hall  curnent  and/or  finite  Larmor  radius  (FLR) 
corrections  introduce  dispersion  into  the  standard  ideal  MHD 
theory  and  provides  the  existence  of  solitary  MHD  waves.  Unlike 
most  of  the  studies  on  solitons  in  collision-fiee  plasmas,  which 
are  based  on  weakly  non-linear,  time-dependent,  evolution 
equations  (KdV,  DNLS),  we  start  fi-om  the  fully  non-linear  basic 
system  and  isolate  solitary  waves  from  the  family  of  ID 
stationary  waves  with  the  help  of  the  fixed-point  analysis.  Spatial 
structures  are  presented  and  the  strong  influence  of  the  plasma 
thermodynamics  is  pointed  out.  Relevance  of  these  solitons  to 
solar  wind  observations  (magnetic  holes,  interplanetary  field 
enhancements)  is  suggested. 


ALFVEN  WAVE  COLLAPSE  IN  THE  SMALL-DISPERSION 
LIMIT 

S.  Champeaux,  T.  Passot  and  P.  L.  Sulem 

Obaervatoire  de  la  Cote  d'Azur,  BP  4'229,  06304  Nice  Cedex  4,  France. 
Di.'ipersive  -Alfven  wave  trains  propagating  along  an  ambient  magnetic  field  ate 
circularly  polarized  and  their  envelope  obeys  the  scalar  nonlinear  Schrodinger 
equation,  with  possible  coupling  to  magnetosonic  waves.  .According  to  the  iS 
of  the  plasma,  convective  or  absolute  modulational  instabilities  with  respect 
to  transverse  perturbations  lead  to  .Alfven  wave  filamentation  with  possible 
formation  of  sharp  acoustic  fronts. 

For  weak  dispersion,  this  collapse  proceeds  with  a  roughly  circular  polarization, 
up  to  a  critical  transverse  scale  /j.  such  that  ‘-f-  ss  where  Id 

measures  the  characteristic  dispersive  length.  A  the  .Alfven  wavelength  and  ^ 
the  relative  amplitude.  The  wave  then  ceases  to  be  circularly  polarized  and  its 
amplitude  saturates.  In  this  regime,  the  envelope  dynamics  is  governed  by  a 
vector  nonlinear  Schrodinger  equation  with  anisotropic  diffraction.  Small  scales 
are  still  formed  but  instead  of  foci,  very  strong  gradients  develop  on  elongated 
structures. 


SCALING  GYROSCOPE  CASCADE  MODELS  AND  THE 
multifractal  MHD  INTER.MITTENCY. 

Y.  Chieifinskava  (1).  D.  Scheruer  (1)  and  S.  Lovejoy  (2) 

(1)  L.M.M..  Universitd  P.&  M.  Curie.  Paris,  France.  chigirifSlmm.Jussieu.fr  /  Fax: 
(33-1 )  44  27  52  59.  (2)  Physics  dept..  McGill  University,  Montreal,  Canada. 

Hydrodynamics  intermittency  has  been  often  investigated  with  the  help  of 
some  simplified  caricatures  of  Navier-Stokes  equations.  Well-known 
e.tamples  are  the  Burgers  equation  and  shell-models. 

Since  the  spatial  dimension  is  absent  in  shell-models,  whereas  it  is  crucial  for 
the  development  of  intermittency,  a  more  complete  model  was  needed.  For 
hydrodynamics,  we  developed  such  a  model  -  the  Scaling  Gyroscope 
Ca.scade  (SGC),-  bv  keeping  only  certain  type  of  interactions  of  the  Navier- 
Stokes  equations,  fn  order  to  take  into  account  the  spatial  dimension,  while 
keeping  an  exponential  discretization  of  scales,  we  introduce  a  tree-structure 
of  eddies.  Along  this  tree-stiucture  the  equations  of  evolution  due  to  direct 
interactions  between  eddies  and  sub-eddies  are  analogous  to  the  Euler 
equations  of  a  gyroscope.  The  corresponding  indirect  interactions  are 
obtained  by  coupling  an  infinite  hierarchy  of  gyroscopes. 

We  present  a  simple  and  natural  extension  of  the  SGC  to  the  MHD  case. 
Based  on  the  considerations  of  the  structure  of  the  full  system  of  equations, 
the  MHD  SGC  could  be  interpreted  as  a  result  of  superposition  of  two 
similar  type  cascades.  'We  show  the  relevance  of  the  SGC  models  for  an 
investigation  of  multifractal  MHD  Inte.-mittency  and  transitions  to  Self 
Organized  Criticality  for  exu-eme  events. 


MIXING  OF  THE  HELIOSPHERIC  MAGNETIC  FIELD  LINES 
G.  Erdos  (1).  A.  Balogh  (2)  and  J.  Kota  (1,3) 

(1)  KFKI  Research  Institute  for  Particle  and  Nuclear  Physics,  Budapest  H- 
1.52.5,  Hungary,  (2)  The  Blackett  Laboratory,  Imperial  College,  London  SWT 
2BZ.  I'.K..  (3)  Lunar  and  Planetary  Laboratory,  University  of  Arizona,  Tucson 
.AZ  8.5721,  U.S..A.. 

erdosCrmki. kfki.hu/Fax:  [361]  395  9151 

The  nature  of  the  fluctuation  of  the  heliospheric  magnetic  field  is  investigated 
based  on  Ulysses  observations.  .A  novel  method,  the  spinor  formalism  is  applied 
to  discern  between  various  types  of  inhomogenities.  Among  those,  the  separa¬ 
tion  rate  of  the  adjacent  magnetic  field  lines  is  studied  in  detail,  including  its 
dependence  on  the  spatial  scale  of  the  inhomogenities.  It  is  argued  that  the 
separation  leads  to  the  mixing  of  field  lines,  which  is  an  important  constituent 
of  the  cross-field  diffusion  of  energetic  particles. 
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SHOCKS  AND  ANTISHOCKS  IN  THE  MHD-THOMAS  MODEL 
S.  Galtier  and  J-D  Fournier 

Departement  Cassini,  CNRS  and  Obserratoire  de  la  Cote  d'Azur,  BP  4229, 
06304  Nice  Cedex  4,  France. 

VVe  study  the  fronts  in  the  1-D  Thomas  model  of  MHD  at  large  magnetic 
Prandtl  number.  In  a  preliminary  numerical  study,  Passot  observed  a  shock 
configuration,  reminiscent  of  the  th  profile  of  the  stationary  Burgers  shock. 
Prompted  by  this  finding,  we  solved  e.xactly  the  stationary  case  at  infinite 
Prandtl  number;  four  families  of  sohitions  are  relevant  in  the  physical  context; 
they  exhibit  a  th  profile  for  both  fields,  with  the  same  width  but  a  different  am¬ 
plitude.  possibly  with  a  minus  sign  (antishock).  We  also  performed  a  ntimerical 
study  of  the  dynamics  at  large  Prandtl.  At  times  of  order  unity,  some  station¬ 
ary  configurations  seem  to  be  attractive;  for  example  an  initial  condition  with 
a  negative  velocity  gradient  tends  to  a  configuration  displaying  a  v-shock  and 
a  b-shock  or  b-antishock.  We  studied  quantitatively  this  evolution  by  fitting 
locally  the  fronts  by  the  exact  stationary  profiles,  hence  obtaining  a  precise  de¬ 
scription  of  the  temporal  evolution  of  the  front  width.  .A  good  agreement  was 
obtained  with  an  independent  calculation  of  this  width,  based  on  its  relation 
with  the  logarithmic  decrement  of  the  exponential  fall -off  of  the  energj-  spectra 
at  very  small  scales.  At  much  larger  times,  some  of  the  stationary  configura¬ 
tions  appear  to  be  only  metastable.  In  particular  the  solution  found  by  Passot 
evolves  towards  a  configuration  with  a  b  -.shock  and  a  v-antlshock.  This  may  be 
interpreted  in  terms  of  rarefaction  waves.  One  of  our  conclusions  Is  that  when 
fronts  are  present,  they  are  locally  svell  described  by  our  stationary  soliitioas. 


FINE  STRUCTURE  OF  COLLISIONLESS  SHOCKS;  THEORY 
AND  OBSERVATIONS 

M.  Gedalin 

Ben-Gurioii  University.  Beer-Sheva,  Israel,  8410.5. 
gedalin«bguinail.bgu.ae.il/Fax:  972  7  6472904 

Well-accepted  theoretical  model  of  a  quasi-perpendicular  collisionless  shock  as¬ 
sumes  that  the  shock  front  is  one-dimensional  and  time-independent.  With 
these  assumptions  the  three-part  structure  of  the  high  Mach  number  supercrit¬ 
ical  shock  (foot.  ramp,  and  overshoot)  is  qualitatively  explained  as  produced 
due  to  the  interaction  of  ions  with  the  quasistationary  electric  and  magnetic 
fields  in  the  shock  front.  However,  quantitative  description  is  still  lacking.  The 
foot  length  is  determined  only  by  an  order  of  magnitude,  and  it  is  unknown 
what  determines  the  ramp  width.  On  the  other  hand,  observations  shotv  that 
there  is  no  typical  high  .Mach  number  shock  profile,  and  the  shock  fine  struc¬ 
ture  is  rich,  varying  from  almost  stationary  to  clearly  nonstationary  (oscillating, 
for  example).  The  shock  front  appears  to  be  substantially  structured,  with  the 
smallest  quasi-stationary  scales  of  the  order  of  0.1(c/*,,,  ).  We  review  the  model 
of  the  one-dimensional  stationary  shock  and  observational  evideiu'e.  together 
with  the  itnplications  for  further  theory  development. 


ROLE  OF  CORONAL  CONDITIONS  IN  THE  DEVELOPMENT 
OF  STREAMS.  INSTABILITIES  AND  TURBULENCE  IN  THE 
SOLAR  WIND 

Roland  Grappin  and  Jacques  Leorat 

Observatoire  de  Meudon,  D.A.E.C.,  92195  Meudon,  France. 

In  view  of  understanding  the  relation  between  coronal  conditions  and  turbu¬ 
lence  in  the  solar  wind,  we  consider  the  problem  of  generating  a  stellar  wind, 
using  axisymmetric  MHD  simulations  in  an  open  domain  containing  the  ac¬ 
celeration  region.  The  magnetic  field  is  the  sum  of  an  given  external  field  and 
an  induced  field  generated  by  the  flow,  the  latter  being  rapidly  dominant  as 
distance  increases.  Various  intensities  and  topologies  of  the  external  field  are 
considered. 

In  the  non-magnetic  case,  the  existence  of  streams  requires  thermal  inhomo¬ 
geneities  in  the  corona.  Streams  are  then  unstable  if  the  thermal  fluctuations 
are  large  enough,  and  the  turbulent  regions  are  the  wakes  of  the  (slow)  cold 
streams  embedded  in  between  (hot)  fast  streams.  The  radial  distance  for  tur¬ 
bulence  onset  and  turbulent  dissipation  depend  critically  on  coronal  turbulent 
properties.  A  moderate  magnetic  field  will  act  as  a  filter,  restricting  the  ex¬ 
istence  of  turbulent  wakes  to  regions  above  closed  magnetic  field  lines,  above 
coronal  streamers.  The  case  of  strong  magnetic  fields  (i.e..  low  beta),  is  cur¬ 
rently  under  investigation. 


Analysis  of  the  Seasonal  Transport  of  Ozone  and  Water 
Vapor  into  the  Lower  Stratosphere 

P.  Hess  (National  Center  for  .Atmospheric  Research.  P.O.  Box 
3000.  Boulder.CO  SO.307-3000.  U.S..A) 

The  composition  of  the  lowermost  stratosphere  is  influenced  by 
both  the  transport  of  well  aged  stratospheric  air  into  the  lower¬ 
most  stratosphere,  and  the  incorporation  of  fresher  air  more  re¬ 
cently  transported  through  the  tropical  and  subtropical  tropopause. 
Using  model  analysis,  satellite  data  and  chemistry  codes  the  rela¬ 
tive  importance  of  these  two  processes  are  diagnosed  as  a  function 
of  the  time  of  year  in  both  hemispheres. 


Arc-Polarized  Discontinuities  in  the  Soiar  Wind:  Multispacecraft  Studies 

C.  M.  Ho,  £.  1  Tsurutani.  G.  S.  Lakhina.  R.  Sakurai.  B.  Buti.  B,  E.  Goldstein  (all  at 
Jet  Propulsion  Laboratory,  California  Institute  of  Technology.  Pasadena.  CA  91109. 
e-mail:  btsurutani@jplsp.jpl.nasa.gov) 

We  further  examine  the  properties  of  rotational  discontinuities  in  interplanetary 
space.  We  discuss  the  polarizations  of  the  discontinuities  relative  to  the  ambient 
magnetic  field  and  the  solar  wind  velocity.  The  relationship  of  all  RDs  (regardless 
of  polarization)  with  regard  to  Alfven  waves  will  be  discussed.  We  will  show  that 
the  Alfvin  waves  are  phase-steepened  with  the  RDs  representing  the  phase- 
steepened  front.  We  present  a  model  explaining  these  waves  as  spherical  waves 
with  arc  polarization. 

We  attempt  to  determine  the  direction  of  propagation  of  the  waves  using  a 
spacecraft  technique.  We  will  compare  the  true  RD  direction  of  propagation  to  That 
of  the  minimum  variance  and  intermediate  variance  directions. 


ON  THE  I.NTERACTION  BETWEEN  HELIOSPHERIC 
MAGNETIC  FIELDS  AND  LOCAL  INTERSTELLAR  MEDIUM 
IN  THE  HALE  CYCLE  OF  SOLAR  ACTIVITY 

N.  Klocbck,  M.  Nikonova  and  L.  Palamarchuk 

Institute  of  Solar-Terrestrial  Physics,  P.O.Box  4026,  Irkutsk  664033,  Russia. 
klochskCiazf . irk . ru 

It  is  known  that  during  the  moving  of  solar  system  in  the  apex  direction  relative 
to  the  local  Interstellar  medium  the  latter  exerts  an  action  on  the  heliospheric 
structure  making  It  nonspherical  like  a  structure  of  the  Earth's  magnitosphere. 
It  has  been  shown  that  if  the  rotation  of  the  Sun  is  taken  into  consideration 
then  its  rotational  velocities  reveal  a  seasonal  longitudinal  nonuniformity  with 
an  annual  periodicity.  This  effect  manifests  itself  in  studying  both  of  rotation  of 
the  global  large-scale  magnetic  structures  (mean  solar  magnetic  field)  and  rota¬ 
tion  of  the  magnetic  fields  of  active  regions  (flux  solar  radiation  at  A  =  10.7cm). 
For  these  structures  of  different  scales  the  se;isonaI  longitudinal  nonuniformi¬ 
ties  of  the  rotation  (acceleration  or  slowdown  of  the  rotation  relative  to  its 
average  annual  value)  are  opposite-in-phase  so  they  can  not  be  explained  by 
the  peculiarities  of  the  Earth's  orbital  motion.  There  appears  to  be  nonlinear 
counteraction  effect  within  the  system  of  the  interrelated  magnetic  fields.  The 
dynamics  of  these  nonuniformities  has  been  studied  during  the  2’2-year  Hale 
cycle  of  solar  activity  using  the  data  sets  from  1976  to  1997.  Some  peculiarities 
of  the  dynamics  of  these  effects  have  been  discussed. 
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WAVELET  ANALYSIS  OF  GEOMAGNETIC  TIME  SERIES 
P.  Kovacs  (1).  Z.  Voros  (2).  A.  Kormendi  (1).  A.W.  Green  (3)  and  L. 
Hegyniegi  (1) 

(1)  Eotvos  Lorand  Geophysical  Institute,  H-1440  Budapest.  FOB  35,  Hungary. 

(2)  Geophvsical  Institute  SAS.  94701  Hurbanovo.  Slovakia.  (3)  L'.S.  Geological 
Survey.  MS  96S.  FOB  25046,  Denver,  CO  8022.5-0046.  USA. 
kovacsflelgi.hu/Fax:  [36  1]  384-3306 

Within  the  framework  of  the  project  "Global  Field  Line  Eigenmode  Study" 
geomagnetic  Fc3  and  Fc4  types  of  pulsations  are  investigated.  These  phenom¬ 
ena  are  generated  either  by  the  solar  wind  or  by  the  resonances  of  the  lines  of 
geomagnetic  field.  Baransky  et  al.  published  a  method,  called  gradient  method, 
to  distinguish  between  the  two  possible  driving  forces  of  a  given  pulsation.  This 
method  uses  the  dynamic  cross  Fourier  analysis  of  magnetic  D  or  H  component 
time  series  recorded  at  two  stations  located  on  the  same  geomagnetic  meridian 
about  100-200  km  apart.  The  fine  spectral  structure  of  the  pulsations,  i.e.  their 
exact  commencements  and  ends  or  their  real  frequencies,  however,  can  not  be 
appropriately  determined  from  the  spectrograms.  The  aim  of  this  paper  is  to 
provide  a  tool  to  improve  the  resolution  in  the  time-frequency  domain  with  the 
use  of  simple  and  cross  wavelet  speirtrum  analysis.  The  authors  expect  that 
this  type  of  analysis  gives  a  better  insight  to  the  origin  and  dynamics  of  the 
resonances  of  both  types. 


ON  THE  SPECTRUM  OF  MAGNETIC  FIELD  FLUCTU.ATIONS  IN  THE 
SOLAR  PHOTOSPHERE 

Yu.V.  Kyzyurov,  S.F.  Nosov  (MAO  NASU.  Kiev-22.  252650. Ukraine; 
kyzyurovtgmao.kiev.ua) 

It  is  known  that  the  fractal  structure  of  the  IMF  depends  on  the  structure  of  the 
magnetic  field  in  the  photosphere  and  the  MHD  turbulence  in  the  solar  w  ind.  In  this 
report  we  consider  the  process  of  generation  of  small-scale  mag-  netic  fluctuations 
(<1000  km)  by  turbulent  mo-  tions  of  partially  ionized  gas  in  the  photo-  sphere.  Using 
the  model  of  weakly  conducting  fluid  and  assuming  quasineutrality  and  isother¬ 
mal  ity.  the  relation  between  the  magnetic  field  fluctuations  and  a  random  velocity  field 
is  derived  from  Ampere's  law.  Taking  into  account  the  Kolmogorov  picture  of  the 
turbulence  in  the  photosphere,  an  expression  for  the  wave-number  spectrum  of  the 
magnetic  fluctuations  is  ob-  uined.  This  spectrum  is  described  by  a  power  law 
dependence  and  discussed  in  the  report 


A  COUPLED  ICE  SHEET- VISCOELASTIC  EARTH  MODEL  AS  A 
TOOL  TO  ASSESS  THE  PRESENT-DAY  IMBALANCE  OF  THE 
GREENLAND  ICE  SHEET 
E.  Le  Meur  (1)  and  P.  Huybrechts  (2) 

(1)  Alfred- Wegener-Institut  Bremerhaven  D-27515,  Germany,  (2)  Depaf'tement 
Geografie,  Vrije  Universiteit  Brussel,  Fleinlaan  2,  B-1050  Brussel. 
egleineurfla»i-bremerhaven.d*/Fax:  [49]  471-4831-149 
The  present-day  imbalance  of  large  ice  sheets  is  of  great  concern  because  of  their 
potential  contribution  to  global  sea-level  change.  Unfortunately,  the  inference 
of  this  imbalance  from  either  mass-balance  measurements  or  from  radar  altime¬ 
try  data  is  not  very  satisfactory  yet  (poor  data  coverage,  controversy  in  satellite 
data..).  An  alternative  method  to  derive  this  imbalance  is  to  model  the  past 
behaviour  of  the  ice  sheet  and  to  analyse  the  present  evolution.  Additionnaly. 
the  gravity  perturbation  (from  both  ice  and  deep  Earth  spatial  redistributions) 
can  be  used  as  a  pro.xy  so  that  coupling  the  ice  sheet  with  a  viscoelastic  Earth 
model  offers  a  new  possibility  of  constraining  the  modern  imbalance.  This  pre¬ 
sentation  aims  at  specifying  how  such  a  full  ice  sheet-Earth  coupled  model  can 
help  in  extracting  the  elastic  component  from  the  total  elastic-viscous  gravity 
anomalv  (which  is  actually  measured)  and  also  allows  to  correct  for  the  height 
dependency  in  gravity  values  (free  air  gravity)  by  providing  the  crustal  dis¬ 
placements.  The  patterns  for  the  different  gravity  anomaly  components  as  well 
as  the  present  ice  sheet  imbalance  given  by  the  model  for  Greenland  will  be 
presented.  These  first  results  set  the  basis  for  a  discussion  on  the  possibilities 
of  using  field  data  to  constrain  the  present-day  imbalance  of  ice  sheets. 


ON  THE  UNIVERSAL  IMPORTANCE  OF  SMALL  SCALE  ELEC¬ 
TROSTATIC  STRUCTURES  IN  ACCELERATION/HEATING 
PROCESSES 

P.  Louarn  (1)  and  A.  Mangeney  (2) 

(1)  Observatoire  Midi-Pyrenees,  14  rue  E.  Belin,  31400,  Toulouse,  France, 

(2)  Observatoire  de  Paris-Meudon,  Place  Jansen,  92195,  Meudon,  France. 
louarnflobs-mip.fr 

It  was  recently  discovered  by  the  Wind  spacecraft  that  small  scale  coherent, 
electrostatic  structures  exist  i"  the  solar  wind.  They  present  important  similar¬ 
ities  with  the  structures  already  observed  in  the  magnetosheath,  magnetotail 
(observations  by  Geotail  and  Galileo)  and  in  the  auroral  zones  (observations 
by  Viking  and  Freja).  In  a  systematic  way,  this  type  of  microscopic  turbulence 
seems  to  be  related  to  a  dissipation  of  energy  in  the  plasma  and  could  thus  be 
a  very  general  ingredient  of  the  acceleration/heating  processes.  The  character¬ 
istics  of  these  structures,  their  relationships  to  particular  physical  conditions 
and  range  of  parameters  will  be  discussed  on  the  basis  of  the  available  observa- 
tionsP  and  their  potential  importance  in  the  acceleration/heating  mechanisms 
will  be  analysed. 


SVTvERGETIC  PROCESSES  ON  THE  SUN  AND  THEIR 
RELATIONSHIP  WITH  SOME  OBSERVATION  D.ATA 

S.L.  Lukov,  P 1 V  Velinov.  P.T.  Tonev,  L.N.  Mateev 

Central  Solar-Terrestrial  Influences  Laboratory,  Bulgarian  Academy  of 

Sciences,  Acad.G.Bonchev  Str.,  Block  3,  Sofia  1113,  Bulgaria 

Corresponding  to  the  basic  conceptions  of  synergetics,  in  this  paper  is 
considered  the  possibility  of  realization  of  self-organizing  processes  on  the 
Sun,  which  are  expressed  in  the  appearence  of  non  steady-state  periodic 
component  in  the  solar  energy  transfer.  The  latter  can  be  a  natural  cause 
for  the  observed  characteristic  pulsations  of  the  Sun  (T=160  min).  They 
have  no  yet  any  satisfactory  explanation.  Up  to  now  is  accepted  that  the 
two  thermonuclear  cycles  in  the  Sun:  proton-proton  (p-p)  and  carbon 
(CNO),  are  steady-state  and  have  constant  rate.  It  is  supposed  in  the 
present  paper  that  in  reality  exists  a  basic  steady-state  component  of 
energy  transfer.  It  follows  the  p-p  cycle  and  is  mixed  with  a  non  steady 
state  component,  which  is  connected  with  a  non  uniform  (pulsations) 
regime  of  realization  of  the  CNO-cycle.  The  latter  has  autocatalitic 
character  and  a  strong  temperature  dependence  of  the  different 
thermonuclear  reactions.  The  nuclear  system  is  described  with  the 
equations  of  Lotka-Volterra,  which  are  solved  for  different  temperature 
models  For  the  periods  of  oscillations  T=10’  -  10^  s  are  obtained. 


TESTING  FOR  FRACTAL  STRUCTURE  IN  THE  LOW-SPEED 
SOLAR  WIND  IN  THE  INNER  HELIOSPHERE 

Wicsiaw  M.  Macek 

Space  Research  Centre,  Polish  .Academy  of  Sciences.  Bartycka  18  A.  PL-00716 
Warsaw.  Poland. 

.A  time  series  of  velocity  fluctuations  of  the  low-speed  stream  of  the  solar  w  ind 
measured  by  the  Helios  spacecraft  in  the  inner  heliosphere  is  analysed.  We 
invoke  a  modern  method  of  singular  system  analysis  to  give  a  faithful  repre¬ 
sentation  of  a  fractal  structure  in  the  solar  wind.  In  this  way.  the  data  are 
represented  in  terms  of  a  complete  set  of  orthogonal  functions,  obtained  from  a 
numerical  analysis  of  the  data,  and  not  imposed  from  outside,  as  is  in  Fourier 
analysis  or  wavelets  representations.  It  has  been  shown  that  singular  system 
analysis  is  the  powerful  method  of  the  reduction  of  the  inherent  experimen¬ 
tal  noise  in  the  experimental  data.  This  results  in  better  characteristics  of  the 
structures  and  proves  that  this  method  is  more  adequate  than  a  standard  mov¬ 
ing  average  smoothing.  Furthermore,  the  obtained  characteristics  of  the  fractal 
structure  are  significantly  different  from  that  of  the  surrogate  data.  Thus  the 
results  of  these  tests  suggest  that  the  inner  heliosphere  is  nonlinear  determin¬ 
istic  system,  at  least  in  the  inertial  manifold  of  the  phase  space  of  this,  as  a 
whole,  complex  high-dimensional  system. 
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OSCILLATORY  DISINTEGRATION  OF  NONEVOLUTIONARY 
SHOCK  WAVES 

S.A.  Markovskii 

Sternberg  Astronomical  Institute,  Moscow  State  University,  Moscow  U9899, 
Russia. 

mairkOsai.msu.su 

We  suggest  a  new  scenario  of  nonlinear  evolution  of  nonevolutionary  MHD 
discontinuities.  For  such  a  discontinuity  the  problem  of  time  evolution  of  its 
small  perturbations  does  not  have  a  unique  solution.  Therefore,  it  cannot  ex¬ 
ist  as  a  stationary  configuration  and  must  disintegrate  or  transform  to  a  more 
general  nonsteady  How.  Evolutionary  are  fast  and  slow  shocks,  while  trans- 
Alfvenic  shocks  (T.\SW’s)  are  not.  This  conclusion  is  valid  for  the  shocks  with 
both  planar  and  nonplanar  structure.  The  key  feature  of  TASW’s  is  that  their 
disintegration  configurations  necessarily  include  an  .Alfven  discontinuity  (.AD) 
that  is  also  nonevolutionary  in  the  presence  of  arbitrarily  small  but  nonzero 
dissipation.  We  sl»ow  that  the  contradiction  inherent  in  the  nonevolutionary 
shock  is  removed  if  its  evolution  has  the  form  of  oscillatory  disintegration,  i.e.. 
reversible  transformation  to  the  .\D.  We  also  apply  the  principle  of  evolution- 
arity  to  dissipative  discontinuities  in  tlie  profile  of  inviscid  supercritical  shocks. 
Using  this  approach,  we  obtain  the  conditions  under  which  such  shocks  cannot 
exist  as  a  stationary  flow.  In  analogy  with  the  shock  as  a  whole,  the  iiouevotu- 
tionarity  of  the  internal  discontinuity  results  in  oscillatory  reformation  of  the 
shock  structure.  VVe  argue  that  the  noaevolutionarity  of  T.ASWs  is  the  reason 
why  they  are  observed  in  the  heliosphere  much  more  rarely  than  fast  shocks. 


SINGULAR  SYSTEM  ANALYSIS  OF  THE  SOLAR  WIND 
Lidia  Obojska  and  W  ieslaw  M.  Macek 

Space  Research  Centre.  Polish  .Academy  of  Sciences,  Bartycka  Id  .A.  PL-0071() 
Warsaw,  Poland, 

The  solar  wind  data,  especially  in  the  low-speed  stream  with  irregular  fluc¬ 
tuations  of  velocities,  is  a  good  candidate  to  apply  the  methods  of  nonlinear 
analysis.  In  the  embedding  space,  constructed  due  to  the  Takens  theorem,  the 
singular  analysis  allows  us  to  recognize  the  directions  that  are  most  frequently 
visited  by  the  trajectory  and  by  reducing  the  noise  to  estimate  the  dimension  of 
the  reconstructed  space.  The  embedding  space  is  represented  by  a  complete  set 
of  orthogonal  functions  and  is  obtained  from  a  numerical  analysis  of  the  data. 
The  number  of  directions  necessary  for  the  complete  reproduction  of  the  non¬ 
linear  dynamic  of  the  system  should  be  large  enough:  otherwise  the  dimension 
of  the  subspace  to  which  all  the  trajectories  asymptotically  approach  could  be 
underestimated.  The  obtained  results  were  subjected  to  statistical  tests  for  de¬ 
terminism  and  the  results  were  significantly  different  than  those  obtained  from 
the  original  data.  Thus  we  can  e.xpect  that  the  inner  heliosphere  is  a  nonlinear 
possibly  chaotic  system,  at  least  in  a  submanifold  of  the  phase  space. 


STRUCTURE  FUNCTIONS  AND  SCALINGS  ANALYSIS  OF  SO¬ 
LAR  WIND  FLUCTUATIONS 
E.  Mnr.sch 

Max-PInnrk-Institut  fiir  Aeronomie.  D-'1719I  Kalleiihurg-Lindau,  Germany. 
narachClinmpi.mpg.da/Fax:  [49]  5550  979  210 

The  solar  wind  is  a  turbulent  magnetofluid.  Intense  fluctuatiuu.s  occur  on  a  wide 
range  of  scale.s  extending  over  several  orders  of  magnitude.  Clear  evidence  has 
been  found  In  the  data  for  intermittency  and  iioti-Gaussian  slafi.stics.  To  anal¬ 
yse  llie.se  features  the  scaling  propertie.s  of  the  flm  tuations  and  their  structure 
fimdion.s  have  been  investigated  in  detail.  Spacecraft  observations  show  that 
the  .structure  function.s  of  the  solar  wind  velocity  and  magnetic  field,  and  of 
the  prolon  density  and  temperature  have  .scaling  properties  consi.steul  with  an 
inlermittont  behaviour.  Tlil.s  Is  most  obvious  in  the  probability  distributions, 
which  reveal  strong  deviations  from  a  Gau.ssi.nn  and  indicate  small-scale  co¬ 
herent  dyiinm|c.s.  The  turbulent  kinetic  energy  flux  shows  multifrnctal  scaling, 
which  can  be  expressed  and  quantifietl  in  terms  of  its  imiltifractal  .spectrum. 
Varl(»n.s  theoretical  concepts  and  models  have  been  developed  to  explain  the  so¬ 
lar  wind  observations  by  invoking  a  fractal  and  scale-de(jendcnt  energy  ca.scade. 
A  tutorial  pre.sentation  of  some  of  the  models  is  given,  and  detailed  comparisons 
of  the  data  with  the  theories  are  presented. 


EXACT  SCALING  LAWS  FOR  TURBULENT  MHD  FLOWS 
H.  PoHtano  and  A  Pouquet 

UMR  C.\RS  65*29,  BP  4229.  06.304  Nice  Cedex  4,  France. 

Turbulent  flows  produce  strong,  sparse,  localized  structures  which  may  give 
rise  to  anomalous  exponents  for  the  self-similar  scaling  of  two-point  structure 
functions  of  the  physical  fields.  Such  intermittency  is  constrained  by  exact 
laws  stemming  from  the  conservation  properties  of  the  dynamical  equations, 
and  is  documented  for  the  Solar  Wind  by  several  observations.  In  the  case  of 
laboratory  experiments  on  neutral  fluids,  a  better  fit  to  the  data  obtains  when, 
using  Extended  Self-Similarity  (or  ESS),  one  takes  as  the  dependent  variable 
(as  contrasted  with  direct  scaling  with  the  distance  r  between  the  two  points), 
the  third-order  correlators  that  are  proportional  to  r.  Such  correlators  can  be 
viewed  as  “dynamical  length  scales”  (ys  that  directly  arise  from  the  Navier- 
Stokes  equations  in  the  wake  of  the  analyses  of  von  Karman  and  Howarth,  of 
Kolmogorov  as  well  as  that  of  ^aglom. 

The  equivalent  laws  have  been  obtained  in  MHD  for  any  amount  of  velocity- 
magnetic  field  correlation  and  for  an  homogeneous,  isotropic  and  incompressible 
fluid.  They  lead  to  new  dynamical  lengths  tstHO-  and  will  be  derived  here 
explicitly  in  a  simplified  case.  We  thus  suggest  an  ESS  hypothesis  for  MHD 
that  ntakes  use  of  two  sets  of  third-order  cross-correlators  written  in  terms 
of  correlation  or  structure  functions  and  involving  both  the  velocity  and  the 
magnetic  field.  These  new  dynamical  lengths  are  more  appropriate  candidates 
than  (ys  in  the  reduction  of  Solar  Wind  data,  since  they  appear  as  fundamental 
correlators  stemming  from  the  non-linear  dynamics  of  conducting  flows. 


MULTISCALE  STRUCTURE  OF  THE  INTERPLANE¬ 
TARY  MAGNETIC  FIELD:  FRACTON  EXCITATIONS 
AND  THE  POWER-LAW  SPECTRA 


A  NUMERICAL  STUDY  OF  THE  CORRELATION  BETWEEN 
DENSITY  AND  TEMPERATURE  FLUCTUATIONS  OBSERVED 
IN  SOLAR  WIND 


A.V.Milovanov  and  L.M.Zelenyi  (Space  Research  Institute,  Rus¬ 
sian  Academy  of  Sciences.  117S10  Moscow,  Russia) 

We  study  the  statistics  of  the  magnetosonic  waves  on  the  clus¬ 
ters  of  the  IMF  whose  geometry  is  approximated  by  a  fractal.  Our 
prime  interest  concentrates  on  the  role  of  these  waves  in  formation 
of  the  power  spectra  of  the  IMF  fluctuations  in  the  corresponding 
frequency  ranges.  We  argue  that  the  magnetosonic  waves  on  the 
fractal  clusters  of  the.  IMF  could  be  considered  as  a  specific  type 
of  C[uasiacoustic  excitations  termed  fractons  {Alexander  and  'Or- 
bach.  19S2)  having  an  "unconventionaP  dispersion  law  depending 
on  the  topological  properties  of  the  fractal  cluster.  In  this  context, 
we  propose  a  formalism  which  involves  an  investigation  of  the  con¬ 
nectivity  of  the  fractal  sets.  VVe  propose  an  unconventional  type 
of  wave  equation  with  the  fractional  time  derivative,  which  gener¬ 
alizes  the  standard  wave  equation  for  the  fractal  geometries.  \V*e 
prove  that  the  order  of  the  time  differentiation  in  this  equation  de¬ 
pends  explicitly  on  the  so-called  index  of  connectivity  of  the  fractal 
cluster.  VVe  found  an  analytical  solution  to  the  generalized  wave 
equation  on  fractals,  enabling  one  to  calculate  directly  the  power 
spectra  of  the  IMF  turbulence.  Our  results  show  a  good  agreement 
with  the  direct  spacecraft  measurements  of  the  IMF  turbulence  in 
a  wide  range  of  frequences  and  heliocentric  distances. 


L.  Priiiiavera.  F.  Malara  aiKl  P.  Velfri 

Dipanimento  di  Fisica.  Universita  della  Calabria.  87030  Roges  di  Rende  (CS). 
Italy. 

lprimCplashp3.fi3.unical.it/Fax:  [-i-39]  984  493187 
We  compare  the  results  of  our  numerical  simulations  with  the  analysis  of  the 
correlation.s  between  density  and  temperature  fluctuations  obtained  from  Helios 
2  and  Isee  data.  In  our  model,  a  spectrum  of  .Alfven  waves  propagates  acros.s  a 
spatially  inhomog'»neous  magnetic  field  embedded  in  a  pla&nia  with  a  non  uni¬ 
form  entropy  distribution,  that  should  modelize  a  magnetic  sector  boundary  in 
the  Solar  Wind.  We  fomu!  that  the  interaction  between  the  non  corupres.sive 
(Alfveii)  waves  and  thr*  inhomog^^iir’ous  stru<*ture  produces  compre>sive  waves 
of  two  types;  fast  and  slow  magnetosonic  waves,  with  a  positive  correlation 
between  density  and  temperature,  and  static  entropy  waves.  We  found  that,  by 
going  toward  the  smaller  scales,  the  densiry-temperaiure  correlation  becomes 
more  positive  hi  the  zone  where  the  magnetic  fiel.i  i.s  homogeneous,  while  it  is 
negative  in  the  inhomogeneous  zone.  That  seems  to  be  an  indication  of  tlie  fact 
that  the  static  entropy  waves  are  concenfrated  only  in  proximity  of  the  inho- 
mogeneiiy.  wliere  tln-y  are  produced,  whilst  the  magnetosonic  waves  propagate 
away,  by  filling  the  homogeneous  zone  as  well.  .Xnalogous  trend  is  got  from  the 
analysis  of  the  data. 
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TERMINATION  SHOCK  EXCURSIONS:  POSSIBILITIES  FOR 
VOYAGER  ENCOUNTER 

R.  Ratkiewicz  (1).  A.  Barnes  (2)  and  J.R.  Spreiter  and  S.S.  Stahara  (3) 

(1)  Space  Research  Center,  Bartj'cka  ISA.  00-716  Warsaw,  Poland,  (2)  N.AS.V 
.Ames  Research  Center,  Mail  Code  24.5-3,  Moffett  Field,  C.\  94035-1000.  US.A, 
(3)  R.M.A  .Aerospace,  Inc.,  Mountain  View,  CA  94043,  US.A. 
romaflcbk.waw.p1/Fa.K:  [4S]  22-40-31-31 

Fluctuations  in  the  solar  wind  upstream  of  the  termination  shock  as  well  as 
in  the  LIC  plasma  will  cause  inward  and  outward  motions  of  the  shock.  In 
the  paper  we  discuss  various  scenarios  for  the  interaction  between  solar  wind 
and  interstellar  matter  including  an  influence  of  the  local  interstellar  magnetic 
field  on  the  heliospheric  boundary  configuration  and  a  presence  of  interstellar 
neutral  hydrogen. 


ION  INJECTION.  ACCELERATION.  AND  WAVE  GENERATION 
AT  THE  QUASI-PARALLEL  BOW  SHOCK 
M,  Scholer(l).  H.  Kucharek  (1)  and  K.  J.  Trattner  (2) 

(1)  Max-Planck-Institut  L  extraterr.  Physik.  85740  Garching.  Germany, 

(2)  Lockheed  Martin  Missiles  A:  Space,  Palo  .Alto,  C.A  39304. 1  S.A. 
mbsflmpe-garching.npg.de 

The  processes  of  particle  injection  and  acceleration  and  of  upstream  wave  gener¬ 
ation  at  quasi-parallel  collisionless  shocks  are  intimately  connected  and  highly 
non-linear  processes.  The  upstream  waves  are  convected  downstream  by  the 
plasma  flow  and  are  ultimately  responsible  for  the  shock  dissipation.  We  have 
investigated  the  coupled  process  of  particle  injection/acceleration,  wave  gener¬ 
ation.  and  downstream  dissipation  at  quasi-parallel  shocks  by  hybrid  simula¬ 
tions.  which  treat  the  ions  as  macroparticles  and  the  ejectrons  as  a  massless 
fluid.  Solar  wind  alpha  particles  are  included  self-consistently  in  order  to  make 
predictions  as  to  the  dependence  of  the  injection  rate  on  species  and  differences 
in  upstream  diffuse  alpha  particle  spectra  versus  proton  spectra.  We  will  .show 
that  a  large  fraction  of  both  protons  and  alpha  particles  are  already  acceler¬ 
ated  at  the  shock  before  they  leave  the  shock  for  the  first  time  in  the  upstream 
direction.  These  ions  are  trapped  near  the  shock  ramp  and  are  accelerated 
by  the  upstream  wave  electric  field.  We  compare  the  simulations  with  a  recent 
simplified  model  by  .Maikov  ( 1997)  for  the  ion  injection  at  quasi-parallel  shocks. 


ENTROPY  OF  THE  SOLAR  WIND  FLOW  IN  THE  INNER 
HELIOSPHERE 

Stefauo  Redaelli  and  Wieslaw  M.  Macek 

Space  Research  Centre,  Polish  Academy  of  Sciences,  Bartycka  18  A,  PL-00716 
Warsaw,  Poland. 

We  analyse  a  time  series  of  velocity  fluctuations  of  the  low-speed  stream  of 
the  solar  wind  measured  by  the  Helios  spacecraft  in  the  inner  heliosphere.  We 
estimate  the  Kolmogorov  entropy  directly  from  the  signal  and  show  that  the 
entropy  is  finite  and  positive,  which  is  an  indication  for  a  chaotic  behaviour 
of  this  complex  system.  These  results  supported  our  previous  suggestion  that 
trajectories  describing  the  system  in  the  inertial  manifold  of  phase  space  can 
asymptotically  approach  the  attractor  of  a  low-dimension.  Furthermore,  the 
obtained  characteristics  of  the  attractor  are  significantly  different  from  that 
of  the  surrogate  data.  Thus  the  results  of  these  tests  suggest  that  the  inner 
heliosphere  is  nonlinear  deterministic  and  possibly  chaotic  system,  at  least  in 
the  inertial  manifold  of  the  phase  space. 


PROBABILITY  DISTRIBUTION  FUNCTIONS  OF  TURBULENT 

FLUCTUATIONS 

IN  THE  SOLAR  WIND 
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The  probability  distribution  functions  (PDF)  of  the  velocity  and  magnetic  field 
gradients  in  the  solar  wind  have  been  analyzed  using  the  Helios  II  spacecraft 
data  collected  in  the  inner  heliosphere.  We  consider  two  different  data  .sets, 
one  including  the  slow-wind  periods  and  the  other  one  including  the  fast-wind 
periods.  The  PDFs  have  been  fitted  with  a  theoretical  function  representing 
a  convolution  between  gau.ssian  PDFs  with  variance  distributed  according  to 
a  log-normal  function.  The  resulting  PDF  depends  ott  a  single  parameter  .\. 
whi'-h  cltarticterizes  the  inlertnittetn-y  of  the  stgn.al.  attd  we  studied  the  scalittg 
helt.aviorofA  vs,  the  titite-s.-alc  r.  We  fotitid  t|tat  A  -  r"'.  but  two  distinct  val¬ 
ues  for  .1  are  presettt.  at  least  it:  the  slow-winri.  .\o  differetices  appear  betweett 
velocity  anti  tuagtietii-  field  tlu.-tuations. 


SMALL  electrostatic  POTENTIAL  DROPS  IN  THE  SOLAR 
WIND 

C.  Salem  (1),  A.  Mangeney  (1),  C.  Lacombe  (I)  and  P.I.  Kellogg  (2) 

(1)  DESPA,  Observatoire  de  Paris,  92195  Meudon,  France,  (2)  School  of  Physics 
and  Astronomy,  University  of  Minnesota,  Minneapolis,  USA. 

The  TDS  experiment  on  Wind  detects  electrostatic  waveforms  in  the  solar 
wind  with  a  high  temporal  resolution.  Weak  double  layers,  lasting  about  1 
millisecond,  ate  observed  in  the  solar  wind,  except  in  the  overdense  heliospheric 
plasma  sheet.  In  these  weak  double  layers,  the  electrostatic  potential  generally 
drops  antisunward:  it  varies  in  the  same  sense  as  the  interplanetary  potential 
which  accelerates  the  solar  wind  protons.  We  discuss  the  occurrence  and  the 
amplitude  of  these  small  (3  to  20  inV)  potential  drops  in  relation  with  the 
direction  of  the  magnetic  field,  the  gradient  of  the  electron  thermal  energy  and 
the  variations  of  the  electron  heat  flux. 


SELF-SIMILARITY  CONCEPTS  FOR  GEOMAGNETIC  PULSA¬ 
TIONS 

Z.  Voi-os  (1),  P.  Kovacs  (2),  A.  Kormendi  (3).  A.W.  Green  (4).  T.A.  Plyasova 
Bakounina  (4)  and  .A.  Juhasz  (5) 

(1)  Geophysical  Institute  S.AS.  947  01  Hurbanovo.  Slovakia.  (2)  Edtvos  Lorand 
Geophysical  Institute,  Box  35.  1440  Budapest,  Hungary,  (3)  Geophysical  ob¬ 
servatory.  Kossuth  L., 91-93. 8237  Tihany.  Hungary,  (4)  U.S.  Geological  Survey. 
.MS  968.  Box25046,  CO  8022-5-0046.  Denver.  US.A.  (5)  Eotvos  Lorand  Univer¬ 
sity.  Geophys.  Dept..  Ludovika  ter  2,  1083  Budapest,  Hungary. 

Fax:  [42lj8i82494 

Recent  analysis  has  shown  that  low  frequency  geomagnetic  fluctuations  exhibit 
the  same  kind  of  scaling  symmetry  as  MHD  turbulent  flows  in  the  solar  wind. 
In  this  paper  we  analyse  geomagnetic  fluctuations  on  the  time  sirale  of  geo¬ 
magnetic  pulsations.  We  use  the  data  from  two  station  pairs  in  Central  Europe 
and  in  Colorado,  US.A.  First,  we  identify  pulsations  which  characteristics  are 
controlled  by  the  solar  wind  and  separate  the  frequences  of  others  which  are 
controlled  by  resonances  (eigenmodes)  of  individual  field  lines.  To  this  end  We 
use  gradient  methods  and  continuously  compute  cross  power  spectral  density 
and  crckss  phase  dynamic  spectra.  .After  tlie  separation  of  quasi-petiodic  (field 
line  resonance)  and  broad-band  components  we  apply  the  methodology  of  ex¬ 
tended  self-similarity  to  stuily  scalings.  The  aim  of  this  study  is  to  understand 
better  the  position  of  the  geomagneth:  pulsations  in  a  complex  energy  cascade 
with  the  driving  energy  source  arising  from  the  non-local  interaction  between 
the  solar  wind  and  the  magnetosphere. 
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PROPERTIES  OF  THE  SOLAR  WIND  TURBULENCE  AS 
REVEALED  BY  THE  WAVELET  TRANSFORM 
A.W.  Wernik  {Space  Research  Centre,  Polish  Academy  of  Sciences,  Bartycka 
18  A,  PL-00716  \Varsa\v.  Poland) 

Solar  wind  turbulence  is  highly  nonhomogenous,  exhibiting  well  localized 
jumps,  spikes  and  discontinuities.  These  coherent  structures  are  apparently 
caused  by  nonlinear  processes  and  play  an  important  role  in  the  dynamics  of 
turbulent  plasma.  The  usefulness  of  the  wavelet  transform  in  studying  tur¬ 
bulence  stems  from  the  fact  that  it  can  be  performed  locally,  preserving  the 
information  about  local  features  of  the  turbulence.  We  show  that  the  high- 
frequency  (>0.0l  mHz)  local  wavelet  spectra  of  the  Elsasser  variables  of  the 
low-speed  solar  wind  at  0.3  AU  are  highly  variable  along  the  Helios  1  orbit. 
Application  of  the  wavelet-based  nonlinear  filtering  allowed  us  to  separate  co¬ 
herent  structures  from  the  noise-like.  Gaussian  background.  Spectral  indices 
of  the  Elsasser  variable  Z-t-  are  approximately  -2  and  -1  for  the  coherent  and 
noise-like  components,  respectively.  Flatness  of  the  wavelet  coefficients  show 
that  tlie  outward  propagating  perturbations  are  non-Gaussian  at  scales  le.s.> 
than  30  minutes,  while  the  inward  perturbations  become  non-Gaussian  at  lime 
sc.’ales  less  than  1  hour,  confirming  the  earlier  results. 


NP2  Predictability  &  time  series  analysis 

01  Quantifying  predictability 

Convener:  Toth,  Z. 


ENSEMBLE  FORECASTING  OF  HURRICANE  TRACKS  AND 
INTENSITY 

Sim  D.  Aberson  (1),  Robert  E.  Tuleya  (2)  and  Morris  A.  Bender  (2) 

(1)  NOAA/  AOML/  Hurricane  Research  Division.  Miami.  FL  USA,  (2)  NOAA/ 
Geophysical  Fluid  Dynamics  Laboratory,  Princeton.  NJ  USA. 
abersonOaoDl.noaa.gov 

The  National  Centers  for  Environmental  Prediction  (NCEP)  have  been  opera¬ 
tionally  running  their  suite  of  global  forecast  models  by  creating  ensembles  of 
initial  conditions  based  upon  breeding  of  the  most  rapidly  growing  modes  in 
the  model.  During  the  1996  and  1997  Atlantic  and  East  Pacific  hurricane  sea¬ 
sons.  eleven  member  ensembles  of  a  low-resolution  version  of  the  operational 
Geophysical  Fluid  Dynamics  Laboratory  (GFDL)  hurricane  model  were  run 
on  a  relatively  large  number  of  tropical  cyclone  cases  based  upon  the  NCEP 
bred  growing  modes.  The  ensembles  can  be  used  to  determine  the  confidence 
forecasters  may  have  in  individual  forecasts,  and  to  improve  the  forecasts  them¬ 
selves.  The  72  h  forecasts  from  individual  ensemble  members  are  verified  along 
with  ensemble  mean  forecasts.  The  skill  of  the  low-  resolution  ensemble  fore¬ 
casts  is  compared  with  that  of  the  high-resolution  operational  GFDL  model 
forecasts,  and  the  relationship  between  forecast  spread  and  forecast  errors  are 
shown.  The  ability  of  the  ensemble  forecasts  to  envelop  the  true  storm  trajec¬ 
tories  is  examined. 


ON  THE  RELATIONSHIP  BETWEEN  SINGULAR  VECTORS  AND 
BREEDING  MODES,  A  COMPARATIVE  STUDY  WITH  A  SIMPLE 
MODEL. 

B.  Bontemps  ,  E.  KalI6n. 

Department  of  Meteorology  Stockholm  University 
bmno@misu.su.se,  Fax  ++  46  8  15  71  85 

Two  different  methods  to  study  error  evolution  patterns  in  atmospheric 
models  have  been  intercompared.  The  two  methods  are  singular  vectors  and 
breeding.  We  use  a  forced  and  dissipative,  spherical,  baroclinic,  two-layer, 
quasi-geostrophic  model  with  a  T21  tmncation.  The  comparison  is  based  on 
properties  such  as  baroclinicity,  heat  transport,  growth  rate  and  spatial 
structures.  We  find  that  the  spatial  structure  of  the  modes  are  very  similar  in 
both  methods.  The  energy  cascade  which  takes  place  in  the  non-linear  model 
integrations  goes  towards  the  synoptic  scales  at  optimization  time  in  both 
cases.  The  baroclinicity  is  well  pronounced  for  both  methods  but  at  different 
evolution  times.  We  conclude  that  both  methods  give  the  same  kind  of 
information  about  the  most  unstable  "phase-space"  directions  for  a  simple 
model.  A  major  part  of  the  observed  differences  between  the  two  methods 
appears  to  depend  on  differences  in  models  and  fields  used  to  initialize  the 
modes  instead  of  differences  in  the  formulation  of  the  methods. 


IMPACT  OF  E.NSEMBLE  SIZE  O.N  ENSEMBLE  PREDICTION 
R.  Buizza  and  T.  N.  Palmer 

European  Cenire  for  Medium-Range  Weather  Forecasts,  Shinfield  Park.  Reading.  UK. 
email:  r.buizza^ecmwf.im 

The  impact  of  ensemble  size  on  the  performance  of  the  European  Centre  for 
Medium-Range,  Weather  Forecasts  (ECMWF)  Ensemble  Prediction  System  (EPS)  is 
analyzed.  The  skill  of  ensembles  generated  using  2,  4.  8.  16  and  32  perturbed 
ensemble  members  are  compared  for  a  period  of  45  days,  from  1  October  to  15 
November  1996.  For  each  ensemble  configuration,  the  skill  is  compared  with  the 
potential  skill,  measured  by  randomly  choosing  one  of  the  32  ensemble  members  as 
verification  (idealized  ensemble).  Results  are  based  on  the  analyzes  of  the  prediction 
of  the  500  hPa  geopoteniial  height  field.  Various  measures  of  performance  are 
^plied:  skill  of  the  ensemble  mean,  spread-skill  relationship,  skill  of  most  accurate 
ensemble  member,  Brier  score.  Ranked  Probability  Score.  Relative  Operating 
Characteristic,  and  the  Outlier  Statistic.  The  relation  between  ensemble  spread  and 
control  error  is  studied  using  L2.  L8.  and  Ly  norms  to  measure  distances  between 
ensemble  members  and  the  control  forecast  or  the  verification.  It  is  argued  that  the 
supremum  norm  is  a  more  suitable  measure  of  distance,  given  the  strategy  for 
constructing  ensemble  perturbations  from  rapidly-growing  singular  vectors.  Results 
indicate  that,  for  the  supremum  norm,  any  increase  of  ensemble  size  within  the  range 
considered  in  this  paper  is  strongly  beneficial.  With  the  smaller  ensemble  sizes, 
ensemble  spread  does  not  provide  a  reliable  bound  on  control  error  in  many  cases.  By 
contrast,  with  32  members,  spread  provides  a  bound  on  control  error  in  nearly  all 
cases.  It  could  be  anticipated  that  further  improvement  could  be  achieved  with  higher 
ensemble  size  still.  On  the  other  hand,  spread  skill  relationship  was  not  consistently 
improved  with  higher  ensemble  size  using  the  L2  norm.  The  overall  conclusion  is  that 
the  extent  to  which  an  increase  of  ensemble  size  (particularly  from  8  to  1 6.  and  1 6  to 
32  members)  improves  EPS  performance,  is  strongly  dependent  on  the  mea.<ure  used 
to  assess  performance.  In  addition  to  the  spread  skill  relationship,  the  measures  which 
are  most  sensitise  to  ensemble  size  are  shown  to  be  the  skill  of  the  best  ensemble 
member  (particularly  when  evaluated  on  a  point-wise  basis),  and  the  Outlier  Statistic. 
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TARGETING  OBSERVATIONS  TO  IMPROVE  TROPICAL  CY-  LOW-FREQUENCY  VARIABILITY  OF  THE  ATMOSPHERE 

CLONE  TRACK  FORECASTS  AND  LONG-RANGE  FORECASTING 


Sim  D.  Aberson 

NOAA/Atlantic  Oceanographic  and  Meteorological  Laboratories  Hurricane  Re¬ 
search  Division  Miami,  FL  33149  USA. 
abersonCaoinl.noaa.gov 

During  the  past  two  decades,  improvements  in  tropical  cyclone  track  forecasts 
have  averaged  only  about  1%  per  year.  Since  1982,  the  Hurricane  Research  Di¬ 
vision  of  the  National  Oceanographic  and  Atmospheric  Administration  (USA) 
has  conducted  twenty-five  ”  Synoptic-Flow”  e.xperiments  in  data-spare  oceanic 
regions  roughly  48  -  72  h  before  projected  landfall  of  a  mature  hurricane.  Verti¬ 
cal  profiles  of  wind,  temperature,  and  humidity  within  1000  km  of  the  center  of 
the  tropical  cyclone  were  gathered  from  sondes  dropped  from  research  aircraft. 
The  dropwindsonde  data  produce  significant  {169J  to  30%)  improvements  in 
operational  two  to  three  day  track  forecasts,  .\lthough  the  general  observing 
strategy  of  relatively  uniform  data  coverage  is  capable  of  this  substantial  fore¬ 
cast  improvement,  due  to  limited  aircraft  range,  an  optima!  deployment  strat¬ 
egy  must  be  developed  to  obtain  the  greatest  improvements  in  the  forecasts. 
Areas  where  small  perturbations  to  the  mode!  initial  condition  are  likely  to 
grow  most  rapidly  are  identified  using  operational  ensembles  derived  from  the 
National  Centers  for  Environmental  Prediction  (US.\)  Medium-Range  Fore¬ 
casts  Model.  Using  different  configurations  of  the  dropwindsonde  data  in  seven 
available  cases,  an  optimum  observation  strategy  is  presented. 


Michael  Ghil  and  Kayo  Ide 

Department  of  Atmospheric  Sciences  and  Institute  of  Geophysics  and  Plane¬ 
tary  Physics,  University  of  California,  Los  Angeles,  Los  Angeles,  CA  90095-1565 
USA. 

ghilCatmos . ucla . edu ;  http : //www . atmos . ucla . edu/t cd 
Atmospheric  low-frequency  variability  (LFV)  spans  the  time  scale  between  10 
and  100  days,  longer  than  synoptic-scale  eddy  formation-and-overturning  time 
and  shorter  than  duration  of  the  year’s  extreme  seasons,  winter  and  summer. 
LFV  can  be  described  in  terms  of  persistent  anomalies  of  the  midlatitude  cir¬ 
culation,  such  as  blocking  events,  and  in  terms  of  intraseasonal  oscillations, 
such  as  the  tropical  50-day  and  the  extratropical  25-,  40-  and  70-day  oscilla¬ 
tions.  These  two  descriptions,  intermittent  and  oscillatory,  have  given  rise  to 
two  kinds  of  statistical  long-range  forecasting  (LRF)  schemes,  based  on  Markov 
chains  and  the  singular-spectrum  analysis  (SSA)  /  maximum-entropy  method 
(MEM),  respectively.  VVe  shall  discuss  the  relationship  between  the  two  de¬ 
scriptions  and  hence  the  two  approaches  to  LRF,  from  the  point  of  view  of 
the  detection  and  predictability  of  spatio-temporal  patters.  Hybrid  forecasting 
based  on  a  dynamic  model’s  assimilating  statistical  predictions  will  also  be 
outlined. 
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FLOW  DPENDENT  PARAMETRIZATION  OF  TENDENCY  ERROR  ON  A 
SIMPLIFIED  MODEL 

Fabio  D'Andrea  and  Robert  Vautard  (Laboratoire  de  Meteorologie  Dynamique, 

Ecole  Normale  Superieure,  24  Rue  Lhomond  7523 1  PARIS  CEDEX  05,  France) 

An  extremely  simplified  general  circulation  model  has  been  built  with  the  aim  of 
modeling  the  large  scale  atmospheric  flow.  The  model  used  is  a  Quasi  Geostrophic 
three  levels  model.  A  control  run  has  been  performed  making  use  of  a  forcing  term 
obtained  as  an  average  model  residual  or  model  tendency  error.  Consequently,  a 
flow-dependent  parametrization  is  sought  for,  making  use  of  the  analogues  technique 
to  establish  the  relation  between  flow  and  model  residual.  Different  way  to  compute 
the  model  residual  are  tested,  such  as  direct  calculation  or  variational  optimization 
making  use  of  the  adjoint  model.  An  improvement  of  the  model  climatology  and 
variability  is  found  and  commented. 


GLOBAL  CLIMATE  SIGNALS  AND  THE  SPANISH  RAINFALL 
C.  Gutierrez.  M.J.  OrtizBevia  and  A.  RufzdeElvira 

Departamento  de  Fisica.  Universidad  de  Alcala.  Ctra.  Madrid-Barcelona  Km 
33,600,  Alcala  de  Henares,  E-28871  Madrid. 
csCws4.fsc.alcala.es/Fax:  [34]  1  885  49  42 

Abstract:  In  this  work  we  try  to  establish  a  connection  between  some  global 
climatic  signals,  and  some  other  of  regional  interest  for  the  Iberian  Peninsula, 
such  as  the  anomalous  precipitation.  In  particular  we  explore  the  relationship 
between  the  latitudinal  position  of  the  north-hemisphere  polar  Jet  Stream  and 
a  major  climate  signal  like  ENSO  and  also  with  the  North  Atlantic  Oscillation. 
Through  the  correlation  between  these  global  signals  and  the  Spanish  Station 
rainfall  records  we  separate  different  regions  of  influence  in  the  Iberian  Penin¬ 
sula.  A  forcast  scheme,  where  the  same  anomalous  rainfall  time-series  are  used 
as  predictors,  is  also  discussed. 


Quantifying  predictabiiity  with  Lyapunov  exponents 

Ted  W.  Prison 

Randle,  Inc.,  Great  Falls,  Virginia,  USA 
ted@chaotic.com 

The  Lyapunov  exponents  of  a  system  describe  the  rate  at  which  nearby 
trajectories  on  an  attractor  separate.  Thus,  the  largest  Lyapunov 
exponent,  2.,,  quantifies  the  inherent  predictability  in  a  time  series. 

There  are  several  methods  for  calculating  the  Lyapunov  exponents 
directly  from  the  data.  Using  a  technique  first  described  by  Eckmann 
and  Ruelle,  then  improved  by  Abarbanel,  et.  al.,  the  prediction  horizons 
for  ocean  water  levels  at  a  variety  of  tide  stations  are  derived.  The 
prediction  horizon  is  arbitrarily  defined  as  the  aggregate  point  where  the 
trajectories  separate  to  1/2  of  die  mean  attractors  size  (alAough  any 
criteria  can  be  used).  For  the  stations  examined,  the  prediction  horizon 
varied  from  over  10  hours  for  stations  well  exposed  to  the  open  ocean 
to  about  an  hour  for  a  station  well  inside  a  complex  estuary.  Large 
numbers  of  predictions  made  using  a  phase  space  method  invented  by 
Abarbanel,  et.  al.  had  average  error  growth  rates  consistent  with  the 
computed  value  for  the  largest  Lyapunov  exponent.  This  study 
demonstrates  the  feasibility  of  using  X,  for  classifying  the  dynamics  of 
ocean  water  levels  and  accurately  estimating  the  limits  of  prediction. 
Temporal  variations  of  X,  show  how  predictability  varies  with  time. 


PREDICTABILITY  OF  THE  NORTH  ATLANTIC  ANOMALOUS 
CIRCULATION 

C.  GutierrezCeballos  and  M.J.  OrtizBevia 

Departamento  de  Fisica.  Universidad  de  Alcala.  Ctra.  Madrid-Barcelona  Km 
33,600,  Alcala  de  Henares,  E-28871  Madrid. 
csCvs4.fsc.alcala.es/Fax:  [34]  1  885  49  42 

Abstract:  We  attempt  to  develop  a  predictive  scheme  for  the  atmospheric 
circulation  over  the  North  Atlantic  basin  with  statistical  tools  like  multivari¬ 
ate  lagged  regression  and  singular  value  decomposition  procedures.  We  have 
used  as  predictands  the  principal  components  of  the  850hPa  air  temperature  in 
the  frecuency  band  related  to  the  stormtracks  and  as  predictors  the  principal 
components  of  the  SST  and  the  ones  of  the  very  same  air  temperature  field. 
The  period  of  time  analized  in  this  study  covers  from  1968  to  1996,  and  both 
hindcast  for  all  the  period  and  forecast  in  the  last  6  years  have  been  computed. 
The  atmospheric  data  comes  from  the  Reanalysis  of  NCEP,  and  the  ocean  data 
is  a  blend  of  CO.XDS  and  IGOSS  data  sets. 
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HYBRID  DYNAMIC-STATISTICAL  FORECASTING  AND 
FORECAST  SKILL 
K.  Ide  and  M.  Ghil 

Department  of  Atmospheric  Sciences  and  Institute  of  Geophysics  and 
Planetary  Physics,  University  of  California,  Los  Angeles,  Los  Angeles.  CA 
900954565  USA. 
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We  study  hybrid  forecasts  that  combine  dynamical  predictions  based  on  a  nu¬ 
merical  model  and  statistical  predictions  based  on  past  observations  of  the 
system.  Vautard  et  al.  {Physica  D,  1992)  suggested  this  approach  for  the  pre¬ 
diction  of  low-frequency  variability  in  the  coupled  ocean-atmosphere;  it  also 
holds  promise  for  extending  atmospheric  predictability  (Strong.  Ph.D.  thesis. 
UCLA,  1994;  Pires,  Ph.D.  thesis,  Paris- VI,  1995).  To  combine  the  dynamical 
and  statistical  components  of  the  forecast  system  efficiently,  we  use  sequential 
estimation  theory  (Kalman  filtering)  for  nonlinear  systems.  In  the  present  study 
the  methodology  is  applied  to  a  highly  idealized  coupled  ocean-atmosphere 
model  (Molteni  et  al.,  J.  Climate,  1993;  Ghil  and  Jiang,  GRL,  1998)  allowing 
us  to  conduct  an  analytical  study  that  provides  fundamental  insight  into  hybrid 
forecasting.  The  impact  of  ensemble  forecasts  performed  in  one  or  both  of  the 
two  components  is  examined  so  as  to  extend  the  forecast  skill  by  capturing  the 
onset  of  major  transitions  and  warm  or  cold  events.  Predictors  of  foreca.st  skill 
for  this  hybrid  approach  are  also  developed.  The  future  application  to  more 
realistic  -  and  ultimately  operational  -  forecast  systems  is  also  discussed. 


ON  CALCULATION  OF  THE  PROBABILITY  DISTRIBUTION 
FUNCTIONS  FOR  STATISTICAL  ENSEMBLES  WITH  THE 
LARGE  NUMBERS  OF  FREEDOM  DEGREES. 

Ivanov  L.  M.  and  T.  M.  Margolina 

Marine  Hydrophysical  Institute  Ukrainian  National  Academy  of  Sciences. 

Sevastopol  335000,  Ukraine 
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The  special  iterative  procedure  for  the  calculating  the  ensemble  probability 
distribution  function  has  been  suggested  when  this  function  satisfies  the 
Fokker-Plank  type  equation  or  the  averaging  Liouville  equation  which  can 
be  reduced  to  a  system  of  parabolic  equations. 

The  developed  approach  is  based  on  adapting  the  method  of  small  parame¬ 
ter  suggested  by  Dorodnitsin  [1973]  for  numerically  solving  differential  equa¬ 
tions.  The  method  was  generalized  for  the  solving  n-dimensional  linear 
parabolic  equations  in  Uanov  and  Margolina  [1997],  Ivanov  and  Margolina 
[1998],  who  demonstrated,  that  iterative  procedure  linearity  converges  and 
found  the  conditions  of  this  convergence^. 

Our  experience  shown  that  1.  The  probability  distribution  functions  calcu¬ 
lated  by  our  method  is  essentially  different  from  the  Gaussian  distribution 
functions  used  usually  in  n-dimensional  cases.  2.  Our  approach  is  more  ef¬ 
fective,  than  the  Monte-Carlo  technique  when  all  other  conditions  are  equal. 
The  general  theory  is  illustrated  by  the  estimating  the  time  of  predictability 
for  the  Black  Sea  low-frequency  circulation.  The  horizon  of  predictability 
for  the  nonlinear  three-dimensional  prediction  model  based  on  primitive 
hydrodynamical  equations  {Eremeev  et  al.  [1992])  is  also  found. 


STRATOSPHERIC  PREDICTABILITY  IN  THE  UKMO 
UNIFIED  MODEL 

W.  A.  Lahoz  (CGAM,  University  of  Reading  RG6  6BB,  UK) 

The  predictive  skill  of  the  UKMO  Unified  Model  (UM)  in  the  strato¬ 
sphere  is  studied  by  applying  conventional  verification  statistics  used  in 
Numerical  Weather  Prediction  (NWP).  The  impact  of  model  resolution 
and  the  location  of  the  model  lid  on  the  lower  stratosphere  predictability 
in  the  wintertime  is  studied  for  short-term  deterministic  forecasts;  spe¬ 
cial  reference  will  be  made  to  southern  hemisphere  winter-spring  and 
northern  hemisphere  winter.  Differences  between  the  predictability  of 
the  lower  stratosphere  and  the  mid  troposphere  are  highlighted  and  ex¬ 
plained  in  terms  of  the  flow  regimes  prevalent  in  these  regions.  The  im¬ 
pact  of  the  stratosphere  on  tropospheric  predictability  is  studied  for 
short-term  deterministic  forecasts  and  for  seasonal  ensemble  forecasts. 


NONLINEAR  PREDICTORS  FOR  IONOSPHERIC  DATA 
N.I.Manaenkova 
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Time  series  of  the  observably  of  reflected  HF  radio  wave,  obtained  by  digital 
ionosonde  are  examined.  We  applied  well-known  algorithms  available  for  the 
calculation  of  geometric  and  dynamical  invariants  of  an  underlying  dynamical 
system.  When  we  deduced,  that  our  time-series  is  deterministic,  we  used  nu¬ 
merical  techniques  for  constructing  nonlinear  predictive  model  directly  from 
time  series.  We  constructed  pieswise  short-term  predictor  and  predictor  us¬ 
ing  so-called  radial  basis  technique.  Radial  basis  predictors  seemed  superior  to 
pieswise  predictors.  Using  direct  pieswise  predictor  we  were  able  for  the  embed¬ 
ding  dimension  np=  8  to  predict  with  normalized  predictor  error  E=  0  for  T= 
7  samples  ahead.  Results  of  iterative  predictions  were  superior:  for  the  same 
embedding  dimension  np=8,  E=  0  for  T=  70.  If  we’ll  change  the  value  of  tau 
(tau  is  a  time  delay  ),  then  for  np=  20,  tau=8  it  allows  to  predict  with  E=  0 
for  T=  19,  that  is  the  common  prediction  time  T=  162. 


QUANTITATIVE  PRECIPITATION  FORECASTING:  PRE¬ 
DICTABILITY  LIMITS  AND  THE  USE  OF  ENSEMBLE  FORE¬ 
CASTS 

S.  L.  Mullen  (1),  M.  Wandishin  (2),  H.  E.  Brooks  (2),  D.  J.  Stensrud  (2) 
and  C.  A.  Doswell  III  (2) 

(1)  The  University  of  Arizona,  Tucson,  Arizona,  (2)  National  Severe  Storms 
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BullenCniBbU8.atmo.arizona.edu/Paxr  520  621-6842 

Precipitation  forecasts  lose  skill  more  rapidly  than  forecasts  of  any  other  surface 
weather  element.  Therefore,  it  is  critically  important  to  document  the  predictive 
limits  for  precipitation  and  to  examine  how  ensemble  forecasting  can  improve 
the  reliability  of  quantitative  precipitation  forecasts  (QPFs).  These  issues  are 
addressed  in  this  talk,  which  describes  results  from  an  analysis  of  90  ensemble 
forecasts  with  15-member9  from  limited-area  models  with  80  km  grid  spacing. 
Rapid  error  growth  characterizes  precipitation.  Predictability  limits  for  6‘hour 
accumulations  at  the  model  grid  points  can  be  as  short  as  12  to  24  hours.  Our 
results  suggest  that  ensemble  techniques  can  improve  the  reliability  of  QPFs, 
but  improvements  may  be  minimal  without  statistical  post-processing  of  the 
raw  output 


A  BAYESIAN  APPROACH  TO  RAINFALL  DISAGGREGATION 

Christian  Onof.  Neil  Mackay,  Richard  E.  Chandler.  Howard  S.  Whftater 
(Imperial  College,  Loudon,  VK) 

Rainfall  foreewts  generated  by  mesosralc  models  have  to  be  downscaled  for 
use  in  hydrology.  Thi.s  may  be  arromplished  by  combiiung  coarse  scale 
forecasting  with  .some  persistence  assumption  at  the  fine  scale.  We  here 
propose?  an  approach  which  explicitly  u.se?  a  dependence  upon  the  previous 
time-slcp  to  disaggregate  coarse  scale  rainfall  fields  and  is  stochastic  so  as 
to  allow  for  the  simulation  of  a  r.inge  of  possible  small  scale  scenarios,  thus 
proridiug  an  estimate  of  uncertainty. 

'Fhe  Wet/dry  problem  is  considered  .separately  from  that,  of  the  rainfall 
inlensitie-s.  For  the  first,  we  use  an  analogy  between  image  proces.sing  and 
di-saggrcgation.  In  this  Bayesian  scheme,  evidence  consiitutefl  by  the 
disaggregated  field  at.  the  previous  time-step  and  the  coar.se  .scale  iniensities 
are  both  incorporated  to  update  the  prior  informal  ion  which  is  given  by  a 
Markov  Random  Field  structure,  so  as  to  obtain  the  posterior  distribution 
from  which  the  selected  field  is  constructed. 

For  the  rainfall  intensities,  a  simple  scheme  is  developed,  based  upon  the 
gamma  distribution  and  the  observed  morphology  of  wet  areas. 

The  rcsiilt.s  show  that  the  slrnulared  wei/dry  field  is  not  di.^tiuguishable 
from  the  observed  field  in  lerm.s  of  the  number  of  correctly  clossified  pixel;?, 
and  coverage  for  data  sets  from  Arkansos  (US.A.)  and  Wardon  Hill  (UK), 
while  the  intensity  di.stribuiion  is  visually  adequate  although  more 
quantitative  testing  is  required  here. 
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EVALUATION  OF  THE  STABILITY  OF  ALGORITHM  CN  WITH 
RESPECT  TO  RANDOM  ERRORS  IN  MAGNITUDE:  CENTRAL 
ITALY 

Peresan  A.  (1),  Rotwain  I.M.  (2)  and  Panza  G.F.  (1,3) 

(1)  Dipartimento  di  Scienze  della  Terra,  University  of  Trieste,  Via  Weiss  1, 
Trieste,  Italy,  (2)  International  Institute  of  Earthquake  Prediction  Theory  and 
Mathematical  Geophysics.  Moscow.  Russian  Federation,  (3)  International  Cen¬ 
tre  for  Theoretical  Physics,  SAND  Group,  Miramare,  34100  Trieste,  Italy. 

Since  all  the  catalogue  of  earthquakes  are  inevitably  affected  by  errors,  we 
established  to  analyse  how  random  errors  on  magnitudes  may  influence  the 
results  of  earthquake  prediction  with  algorithm  CN,  essentially  based  on  a  ro¬ 
bust  analysis  of  the  seismic  flow.  For  this  purpose,  CN  has  been  applied  to  the 
region  currently  used  for  the  monitoring  of  seismicity  in  Central  Italy,  using 
several  randomised  catalogues.  The  magnitudes  given  in  the  original  catalogue 
CCI1997  have  been  changed  randomly,  according  to  a  normal  distribution  cen¬ 
tered  on  the  original  magnitude  and  with  standard  deviation  1/3ME  (Maximum 
Error).  ME  varying  from  0.1  and  0.5  have  been  considered.  Results  obtained 
with  ME=0.3  appear  satisfactory,  because  all  the  three  strong  earthquakes  are 
predicted  with  a  percentage  of  TIPs  (Times  of  Increased  Probability)  that  is 
greater  than  that  obtained  with  the  original  catalogue,  but  still  comparable 
with  the  global  results.  This  seems  to  indicate  that  possible  errors  of  such  kind 
don't  compromise  substantially  the  predictive  power  of  the  algorithm.  Never¬ 
theless.  it  has  been  observed  that  with  ME  greater  than  3-0  there  is  a  failure 
to  predict  and  the  number  of  false  alarms  increases  remakably. 


PREDICTABILITY,  LYAPUNOV  VECTORS  AND  WEATHER 
REGIMES  IN  A  T21L3  QUASI-GEOSTROPHIC  MODEL 

S.  Vannitsem  (Instilul  Royal  Meteorologique,  Sect.  Climalologie  Dynamique,  3 
avenue  circulaire,  B-1 180  Bruxelles,  Belgium) 

The  spatial  distributions  of  the  Lyapunov  vectors  of  a  T21L3  quasi-geostrophic 
model  are  investigated  with  special  emphasis  on  their  relation  with  the  weather 
regimes  generated  by  the  model.  A  clustering  procedure  of  the  anomaly  weather 
fields  based  on  the  local  amplification  rate  of  the  dominant  Lyapunov  vector  is 
performed.  It  is  shown  that  large  and  small  amplification  rates  are  associated  to 
distinct  flow  fields  which  present  strong  similarities  with  two  weather  regimes  of 
the  model,  suggesting  that  these  regimes  display  different  predictability  properties. 


NP2  Predictability  &  time  series  analysis 

02  Execution  and  analysis  of  geophysical 
laboratory  experiments 

Convener:  Malinowski,  S.P. 

Co-Convener:  Friih,  W.-G. 


EVALUATION  OF  PROBABILISTIC  PREDICTION  SYSTEMS 

O.  Talagrand  (1),  R.  Vautardill  and  B.  Strauss  (2) 

(I)  LMD/ENS,  Paris,  Fiance  (2)  Meteo-France,  Illkirch,  France 

Ensemble  Prediction  Systems  (EPS's)  are  particular  cases  of  Probabilistic  Prediction 
Systems  (PPS's),  i.  e.  systems  that  predict  a  probability  disUibution  for  the  state  of 
the  annospheric  flow.  The  value  of  a  Probabilistic  Prediction  System  lies  in  the 
conjunction  of  two  independent  qualities,  namely  reliability,  i.  e.  the  quality  that  the 
a  posteriori  observations  are  statistically  consistent  with  the  a  priori  predicted 
probability  distributions,  and  resolution,  i.  e.  variability  in  the  predicted  probability 
distributions.  A  number  of  scores  commonly  used  for  evaluating  the  quality  of  EPS’s 
are  discussed  in  terms  of  which  of  these  two  qualities  they  measure.  In  particular,  the 
classical  Brier  score  can  be  decomposed  into  the  sum  of  two  terms  which 
independently  measure  reliability  and  resolution  (Murphy,  1973,  J.  Appl.  Meteor., 
12,  595-600). 

The  impact  of  the  finiteness  N  of  forecast  ensembles  on  various  scores  is  discussed. 
The  Brier  score  is  degraded  by  an  additive  term  proportional  to  IIN,  which  shows 
rapid  saturation  of  the  score  with  increasing  N. 

The  reliability  and  resolution  of  the  ECMWF  and  NCEP  EPS's  are  evaluated  at 
various  forecast  ranges.  The  performance  of  both  systems  is  also  compared  with  the 
performance  of  an  economical  'poor  man's  EPS'  which,  being  based  on  a  search  for 
past  analogues,  does  not  require  explicit  integration  of  the  forecasting  model  from 
'perturbed'  initial  conditions. 


PROPERTIES  OF  THE  TURBULENT  CLOUD-CLEAR  AIR  IN¬ 
TERFACE  OBSERVED  IN  THE  LABORATORY  EXPERIMENT. 

P.  Daiiat  and  S.  P.  Malinowski 

Warsaw  I'niversity.  Institute  of  Geophysics,  ul.  Pasteura  7,  Warsaw.  Poland. 
banatWuw.«du.pl/Fax:  {-18]  (22)  8*22-23?J7 

Abstract 

.A  cloud-clear  air  mixing  is  observed  in  the  laboratory  experiment  with  use  of  a  laser  sheet  tech¬ 
nique.  The  vertical  and  horizontal  .sections  through  the  mixing  volume  are  imaged  in  the  range  of 
scales  from  I  intn  to  Im.  On  the  images  an  interface  separating  cloudy  and  clear  air  filaments  is  de¬ 
termined  in  order  to  investigate  its  scaling  jiropcrties,  Results  indicate  anisotropy  with  the  preferred 
Vertical  direction  and  scaling  from  aliout  2cm  up.  Ba.>ed  on  these  result.^  a  new  estimates  of  surface 
of  2in  interface  separating  cloudy  atu!  clear  air  is  proposed. 
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THE  EFFECT  OF  SLOPING  BOUNDARIES  ON  BAROCLINIC 
INSTABILITY  IN  TWO  RELATED  INTERNALLY  HEATED,  RO¬ 
TATING  FLUID  SYSTEMS. 

M.  E.  Basthi 

Dept,  of  Atmospheric  Physics,  Oxford  University. 

Results  have  been  obtained  from  two  internally  heated,  rotating  fluid  systems, 
with  differing  aspect  ratios,  in  which  a  /?-effect  (variation  in  Coriolis  param¬ 
eter  with  latitude)  has  been  simulated  by  the  inclusion  of  oppositely  sloping 
endwalls.  The  boundaries  are  arranged  so  that  the  fluid  depth  (D)  can  either 
increase  with  radius  {dDjdr  >  0)  or  decrease  with  radius  {dD/dr  <  0).  In  both 
systems  stable  eddy  features  are  observed  over  a  wide  range  of  rotation  rates 
(fi)  for  each  endwall  arrangement.  However,  while  a  large  number  of  different 
azimuthal  wavenumber  (m)  modes  are  seen  in  the  regular  wave  regime  of  the 
dDfdr  >  0  endwall  experiments,  only  the  gravest  mode  (m  =  1)  is  seen  in  the 
regular  wave  regime  of  the  dD/dr  <  0  endwall  experiments.  Within  the  former 
experimental  arrangement  the  radial  scale  of  the  eddy  features  are  found  to  be 
approximately  that  of  the  Rhines  scale  Ls  =  while  in  the  dD/dr  < 

0  endwall  experiments  the  eddy  kinetic  energy  is  seen  to  penetrate  the  L3  scale 
and  accumulate  at  the  largest  domain-filling  scales.  Thi.s  remarkable  difference 
in  the  flow  structure  of  the  two  endwall  arrangements  (which  is  not  related 
to  the  geometry  of  the  convection  chamber)  may  find  a  partial  explanation  in 
terms  of  established  results  on  the  instability  of  finite  amplitude  barotropic 
Rossby  waves,  with  dD/dr  <  0  endwalls  removing  the  stability  thresholds  on 
wave  amplitudes  for  all  but  the  gravest  mode. 


MESOSCALE  DATA  ASSIMILATION  OF  SURFACE  UND  UPPER  AIR 
OBSERVATIONS  IN  INTENSE  PRECIPITATION  EVENTS. 

C.  Cacciamani.  D.  Ccsari,  F.  Grazzini,  T.  Paccagnella  and  M.  Pantone 
RPA-Servizio  Meteorologico  Regionale,  viale  Silvani  6, 40122  Bologna,  Italy  E-mail 
flsici@metgraxp.arpamet.regione.emilia-roniagna.it 

We  devised  an  analysis  scheme  which  makes  use  of  observed  surface  data,  combined 
with  upper  air  radionsounding  observations,  to  build  vertical  profiles  of  wind, 
humidity  and  geopoteniial  over  surface  observing  stations.  The  reconstructed  vertical 
profiles  are  analysed  on  constant  pressure  levels  and  at  surface  through  a  successive 
correction  method  by  means  of  ECMWF  analyses  as  background  fields.  We  recently 
improved  the  scheme  of  vertical  adjustment  of  surface  quantities  within  the  PBL  and 
we  are  planning  to  introduce  an  horizontal  initialisation  procedure  for  wind  and  mass 
fields  and  to  include  satellite  observations  in  the  scheme  in  order  to  build  upper 
troposphere  humidity  profiles.  The  analysed  fields,  computed  every  6  hours,  are 
assimilated  into  our  operational  limited  area  model  (LAMBO,  based  on  a  version  of 
NCEP  ETA  model)  during  a  12  hour  pre-forecast  period  through  Newtonian  nudging 
of  prognostic  variables.  The  mode!  is  then  run  with  ECMWF  fields  (forecast  or 
analysed)  as  boundary  conditions.  We  successfully  tested  our  data  assimilation  scheme 
over  various  intense  precipitation  events  in  the  Alps  and  Mediterranean  region,  such 
as  Versilia  (June  19  1996),  Piedmont  (November  5-6  1994)  and  South  Ticino 
(September  13  1995)  floods. 


INERTIA-GRAVITY  WAVES  IN  A  BAROCLINICALLY  UNSTA¬ 
BLE  ROTATING  FLUID 
A.  F.  Lovegrove.  P.  L.  Read  and  C.  3.  Richards 

University  of  Oxford,  Atmospheric,  Oceanic  &  Planetary  Physics.  Clarendon 
Laboratory,  Parks  Road,  Oxford,  UK  0X1  3PU. 

It  is  increasingly  recognised  that  time-varying  large-scale  geostrophically  bal¬ 
anced  flow  in  the  atmosphere  and  oceans  may  be  accompanied  by  the  excitation 
of  fast  inertia-gravity  waves  as  a  form  of  ‘geostrophic  adjustment*.  This  has  lead 
to  controversial  suggestions  that  the  perturbations  associated  with  these  waves 
may  lead  to  the  disruption  of  the  ‘slow  manifold*,  which  forms  the  conceptual 
basis  of  many  operational  techniques  for  initialising  weather  foreccisting  models. 
In  the  present  work,  a  novel  optical  technique  has  been  used  to  visualise  and 
measure  a  barocHnically  unstable  flow  in  a  two-layer  rotating  annulus  experi¬ 
ment  in  -the  laboratory.  Small-scale,  high  frequency  inertia-gravity  waves  were 
detected  in  association  with  a  baroclinic  wave  undergoing  periodic  amplitude 
vacillation.  The  observations  of  these  phenomena  will  be  discussed,  together 
w'ith  their  quantitative  analysis  as  inertia-gravity  oscillations,  and  experimental 
evidence  will  be  presented  which  suggests  that  a  slow  ’quasi-manifold*  survives 
the  onset  of  these  fast  wave  motions.  Results  will  be  further  discussed  in  the 
context  of  the  geostrophic  adjustment  problem. 


INVESTIGATION  OF  THE  DROPLET  CONCENTRATION  AT 
THE  CLOUD-CLEAR  AIR  INTERFACE. 

S.  P.  Malinowski  and  Jaczewski 

Warsaw  L'niversify.  Institute  of  Geophysics,  ul.  Pasteura  7.  02-003  Wars.tw. 

Poland. 

aalina0futf.edu. pl/Fax:  [43]  (22)  822-2387 
Abstract 

A  doud-drar  air  mixiiiij;  h  olwervetl  in  the  laboratory  experimenr  with  use  of  a  la.<er  sheet  terh- 
niiine.  .Analy>i>  of  the  ifitensitj  of  the  .«cafterei.l  light  on  the  images  from  tlie  experiment  is  iisccl  in 
order  to  veryfy  the  hypothc.'i'  on  the  increase  of  droplet  conrentration  at  tlie  inierfarc.  Since  droplet 
terminal  velocity  is  a  function  of  the  droplet  radius,  possible  partial  evaporation  of  droplets  at  the 
ttitcrface  may  lead  to  formation  of  the  accumulation  zone.  First  results  from  the  experiment  indicate  a 
dependence  of  the  thickness  of  the  interface  on  its  orientation,  supporting  the  hypothesis  on  incrca-e 
of  the  coitcenrration. 


ROUTES  UNTO  CHAOS  IN  ROTATING  FLUIDS 

Oliver  Meincke  and  Christoph  Egbers 

ZARM.  University  of  Bremen.  28359  Bremen.  F.R.G. 

email;  egbers'ft  zarm.uni-bremen.de 

Abstract.  We  report  on  a  concurrent  study  on  stability,  bifurcation  scenarios  and 
routes  into  chaos  in  rotating  fluids,  i.e.  Taylor  Couette  flow  and  spherical  Couetie 
flow.  In  contrast  to  the  pitchfork  bifurcation  as  the  first  instability  In  the  cylindrical 
system  the  flow  in  the  spherical  gap  flow  bifurcates  via  different  Hopf  bifurcations 
into  chaos.  By  increasing  the  Reynolds  number  with  the  angular  velocity  of  the 
driving  inner  sphere  the  flow  bifurcates  from  laminar  axisynimelric  basic  flow  to  the 
periodic  motion  of  non-a.xisymmetric  spiral  waves  for  relative  large  aspect  ratios. 
The  spiral  waves  exist  over  a  wide  range  of  the  Reynolds  number.  In  this  range  a 
change  in  shape  and  periodicity  can  be  detected  by  visualization  with  small 
aluminium  flakes  and  also  measured  by  Laser  Doppler  velocimetry  (LDV- 
lechnique).  Ai  high  Reynolds  numbers,  the  flow  undergoes  a  bifurcation  to  low- 
diniensional  chaotic  motion  before  it  becomes  turbulent.  The  dynamic  behaviour  of 
the  rotating  flows  mentioned  above  is  compared  and  discussed  by  lime  series 
analysis  methods  and  by  velocity  and  frequency  bifurcation  diagrams. 


FLOW-FIELD  AND  POINT  VELOCITY  MEASUREMENTS  IN  A 
BAROTROPICALLY  UNSTABLE  SHEAR  LAYER. 

P.L.  Read  (1)  and  W.-G.  Fruh  (2) 

(1)  University  of  Oxford,  Department  of  Physics,  Clarendon  Laboratory,  Parks 
Oxford,  0X1  3PU,  U.K.,  (2)  Department  of  Mechanical  and  Chemical 
Engineering,  Heriot-Watt  University,  Edinburgh,  Riccarton,  EH14  4AS. 
readOatB .oz.ac.uk 

Abstract 

We  present  laboratory  experiments  on  a  classic  fluid  instability  in  rotating  fluids  whose  treatment 
dates  back  to  Stewartson  (1957).  It  is  the  stability  of  a  region  of  strong  shear  in  a  barotropic  rotating 
fluid,  where  the  shear  layer  is  forced  by  imposing  a  diflerential  rotation  of  the  upper  and  loA-er 
horizontal  boundaries  of  a  cylindrical  tank.  Such  shear  layers  occur  in  the  late  stages  of  the  evolution 
of  mid-latitude  weather  systems  and  of  tornadoes,  as  well  as  within  the  liquid  Earth’s  core  or  across 
the  banded  structure  of  the  Giant  planets. 

The  experiments  have  investigated  the  flow  structures  arising  from  the  instability  by  using  two 
measurement  techniques;  (1)  particle  tracking  velocimetry  to  measure  the  horizontal  flow  held  glob¬ 
ally,  and  (2)  long  time  series  of  very  accurate  single-point  velocity  measurements  using  Laser  Doppler 
velocimetry.  The  relative  merit  of  the  two  techniques  will  be  discussed.  The  equilibration  of  the  flow 
to  steady  vortex  ,waves,  not  unlike  the  string  of  vortical  structures  observed  in  Jupiter’s  atmosphere 
along  latitude  circles,  will  be  presented.  The  development  of  complex  time-dependent  behaviour  of 
the  vortices  and  the  break-down  of  barotropic  solutions  by  the  emergence  of  three-dimensional  flow 
structures  will  be  discussed. 
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KELVIN-HELMHOLTZ  INSTABILITY  IN  A 
CONTINUOUSLY  FORCED  SHEAR  PLOW. 

E.  Shearer  and  W.-G.  Fruh 

Department  of  Mechanical  and  Chemical  Engineering,  Heriot-Watt  Uni¬ 
versity,  Edinburgh,  Riccarton,  EH14  4AS. 

V . g . f ruhChv . ac . uk 

Abstract 

Kelvin-Helmholtz  instability  is  a  frequently  observed  fluid  instability  in  atmospheric  and 
astrophysical  situations.  In  the  atmosphere  for  instance,  the  occurrence  of  clear-air  turbulence 
is  frequently  attributed  to  this  instability.  Previous  experiments  were  mainly  conducted  in 
a  tilting  closed  tube  or  in  open-flow  experiments.  We  present  a  study  of  Kelvin-Helmholtz 
instability  in  a  closed  annular  two-layer  experiment  where  the  shear  across  the  layers  is 
maintmned  at  a  steady  rate  by  rotating  the  lid  in  contact  with  the  upper  fluid  at  a  constant 
speed. 

The  flow  is  measured  by  global  mappings  of  the  interface  height  which  can  be  estimated 
from  the  distortion  of  a  reference  grid  by  refraction  at  the  interface  due  to  mismatch  in  the 
refractive  indices  of  the  two  fluid  layers.  This  method  is  applied  to  both  immiscible  layers 
of  silicone  fluid  and  water,  and  to  miscible  layers  of  fresh  water  and  salt  water.  The  initial 
instability  of  the  fluid  interface  and  the  wave  number  of  the  emerging  flow  will  be  compared 
with  linear  stability  calculations. 


DYNAMIC  STATE-SPACE  RECONSTRUCTIONS:  A  CASE 
STUDY  WITH  A  THERMALLY  DRIVEN,  ROTATING  FLUID 
ANNULUS 
Leonard  A.  Smith 

Mathematical  Institute,  Oxford  University,  0X1  3LB,  U.K.. 
lonnyCmaths.ox.ac.uk/Fax;  [44]  1865  270  515 

The  thermally  driven,  rotating  fluid  annulus  provides  spatial-temporal  data 
for  a  wide  variety  of  flow  conditions,  each  with  various  geophysical  analogues. 
Through  the  analysis  of  data  from  this  experiment,  various  aspects  of  nonlin¬ 
ear  reconstruction  techniques  are  illustrated.  The  information  content  of  time 
seri^  from  a  single  probe  is  contrasted  with  that  of  data  sets  of  multiple  meas¬ 
urements.  Noise  reduction  techniques  are  contrasted,  and  compared  using  the 
same  data  set.  Several  aspects  of  ensemble  forecasting  are  investigated,  includ¬ 
ing  ensemble  formation,  verification,  and  the  use  of  ensembles  over  different 
models.  Finally,  the  extent  to  which  data  based  nonlinear  models  can  contrib¬ 
ute  to  “understanding  the  physics”  of  physical  systems  is  contrasted  with  the 
contribution  available  from  first  principles  simulations. 


LDV-MEASUREMENTS  ON  BAROCLINIC  WAVES 

Bemd  Silie  and  Christoph  Egbers 

ZARM.  University  of  Bremen.  28359  Bremen,  F.R.G. 

email:  egbers@zarm.uni-bremen.de 

Abstract.  We  report  on  laboratory  experiments  of  baroclinic  instabilities  in  the 
rotating  annulus  cooled  from  within.  The  flow  undergoes  different  transitions  from 
the  laminar  basic  state  through  various  stages  of  instability  to  an  irregular  suie. 
LDV-measurements  of  the  radial  velocity  component  were  carried  out  to  describe 
the  instabilities,  the  bifurcation  scenario  and  the  route  into  chaos.  The  LDV-time 
series  at  different  positions  in  the  rotating  annulus  are  analysed  with  classical  linear 
tools  like  autocorrelation  functions  and  fourier  spectra  and  also  with  modern  tools  of 
non-linear  dynamics  applied  on  a  reconstructed  phase  space. 


POD  ANALYSIS  OF  BAROCLINIC  WAVE  FLOWS  IN  THE 
THERMAL  ROTATING  ANNULUS  EXPERIMENT. 

A.  V.  Stephen  (1),  Dr.  I.M.  Moroz  (1)  and  Dr.  P.L.  Read  (2) 

(1)  Oxford  Centre  for  Industrial  and  Applied  Maths  (OCIAM).  24-29  St.  Giles’. 

Oxford,  O.XI  3LB,  f.K.,  (2)  University  of  Oxford.  Department  of  Physics. 

Clarendon  Laboratory,  Parks  Road.  O.xford.  0X1  3PL’,  U'.K.. 
staphenOatm.ox.ac.uk/Fax:  [44]  ISCo  272  923 

Abstract 

The  Proper  Orthogonal  Decomposition  (POD)  Is  a  procedure  to  compute  an  orthogonal  basis 
from  a  time  series  of  spatial  fields.  This  basis  is  optimal  among  all  linear  decompositions,  in  the 
sense  that  for  a  given  number  of  modes,  the  projection  of  the  original  signal  onto  the  subspace  will 
contain  the  most  variance  on  average.  This  algorithm  is  applied  to  screamfunccion  fields  derived  from 
measurements  of  the  flow  in  the  thermally  forced  rotating  annulus  experiment.  Results  of  this  analysis 
are  presented,  and  a  method  to  derive  low.dimensional  models  of  the  flow  by  projecting  the  equations 
of  motion  onto  these  empirical  eigenfunctions  is  discussed. 


NP2  Predictability  &  time  series  analysis 
03  Nonlinear  time  series  analysis 

Convener;  Kurths,  J. 

Co-Convener:  Yiou,  P. 


IS  THERE  MEMORY  IN  SOLAR  ACTIVITY? 

J.  L.  Ballester  (1) 

(I)  Departament  de  Fisica.  Universitat  de  les  Illes  Balears.  E-070T1  Palma  de 
Mallorca.  Spain. 

dfsjlbOCps. uib.es/Fax:  [34]  71  1734*26 

The  Hurst  effect  is  a  presumed  and  unexpected  behaviour  of  geophysical  time 
series  (tree  ring  indices,  varve  thicknesses,  precipitation  and  streamflow  records, 
etc.)  by  which  these  lime  series  have  persistence  or  “memory".  In  a  thorough 
study  about  the  presence  of  the  Hurst  effect  in  geophysical  time  series.  Mandel¬ 
brot  and  Wallis  analyzed  monthly  sunspot  numbers  and  obtained  H  =  0.86  ± 
0.05.  suggesting  that  solar  activity  shows  persistence  and  that  the  underlying 
responsible  mechanism  can  guarantee  a  positive  correlation  of  solar  activity 
during  long  time  lapses.  Here,  we  have  followed  the  scale  of  fluctuation  ai>- 
proach  to  show  that  there  is  no  incontrovertible  evidence  for  the  presence  of 
the  Hurst  effect  in  sunspot  areas  and,  therefore,  that  there  is  no  long-term 
memory  in  solar  activity. 
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OBJECTIVE  SPECTRAL  METHOD  APPLIED  TO  METE- 
OROLOGICAL  SERIES 

P.  Buenestado ,  R.  Rodriguez  and  M.R.  Soler  CDpt.  Astronomlai  Meteo- 
rologla,  Universitat  de  Barcelona,  Avda.  Diagonal  647, 08028  Barcelona. 
Spain) 

Study  techniques  of  temporary  series  of  meteorological  variables,  guided 
to  spectral  analysis  have  been  centered  on  the  transformed  classic  Fourier 
(FT)  and  on  the  maximum  entropy  spectral  analysis  method  (MESA). 
However,  for  the  nature  of  the  signal,  the  results  are  quite  not  conclu¬ 
sive  and  in  many  occasions  they  are  not  more  than  mere  conjectures  of 
the  real  meaning  of  the  spectra  maxima.  Therefore  is  a  methodological 
exigency  to  find  a  capable  objective  technique  able  to  discriminate  those 
spectral  maxtmums  obtained  as  a  result  of  the  Information  of  the  signal, 
from  those  that  are  fruit  of  the  use  of  mathematical  devices.  This  study 
carry  out  about  meteorological  series  of  variable  temporary  order,  show 
the  application  of  the  techniques  based  on  the  temporary  evolution  of 
the  spectrum  (MSA)  and  presents  the  evaluation  of  the  real  meaning 
level  (TSR)  of  the  spectra  maxima,  therefore  objective  conclusions  of 
the  information  is  obtained  for  the  spectral  analysis.  The  meteorolog¬ 
ical  variables  analyzed  in  this  study,  temperature,  humidity,  wind  and 
pressure,  proceed  from  a  50  m  meteorological  tower,  different  3  masts 
and  microbarographs. 


PASSIVE  TRACER  FLUXES  IN  COMPLEX  TURBULENT 
FLOWS 

R.  Cesari  (1),  S.  Lorenzani  (2),  A.  Maurizi  (1)  and  F.  Tampieri  (2) 

(1)  Insitute  FISBAT-CNR,  v.  Gobetti  101. 1-40129,  Bologna,  Italy.  (2)  Insitute 
IMGA-CNR,  V.  Gobetti  101, 1-40129,  Bologna,  Italy. 

Geophysical  turbulent  fluxes  are  characterized  by  important  non-ideal  features. 
In  the  well-known  case  of  dispersion  of  passive  tracers  in  inhomogeneous  and 
non-Gaussian  turbulence  the  flux  must  be  expressed  as  a  functional  of  the 
concentration  extending  the  usual  flux-gradient  relationship.  Summarizing  the 
theoretical  work  we  refer  to  the  classical  Kolmogorov  modification  of  the  heat 
equation  by  using  a  variable  dispersion  coefficient,  and  to  the  work  by  Lum- 
ley  (1975)  that  considers  the  statistics  of  particle  displacements.  Analytical 
(approximate)  results  are  available  for  short  dispersion  times  (Hunt,  1985) 
and  for  homogeneous  non-Gaussian  turbulence  (Wyngaard  and  Weil.  1991). 
A  Lagrangian  stochastic  model  (Thomson.  1987)  has  been  used  to  describe 
dispersion  in  many  of  these  situations  (e.g.  the  convective  boundary  layer  or 
the  boundary  layer  over  topography).  We  examine  the  detailed  predictions  of 
fluxes  which  can  be  obtained  for  prototype  cases,  and  we  also  compute  the 
statistics  of  particle  displacement.  The  effective  dispersion  coefficient  may  be 
evaluated  both  as  the  ratio  between  flux  and  concentration  gradient,  and  as 
the  limit  for  long  times  of  the  ratio  of  displacement  variance  and  time.  The 
theoretical  predictions  are  then  compared  with  the  numerical  results,  and  the 
magnitude  of  the  higher  order  corrections  is  estimated,  in  order  to  assess  the 
importance  and  the  practical  applicability  of  refined  dispersion  theories. 


A  SIMPLE  CRITERION  FOR  DETECTING  POTENTIALLY 
SPURIOUS  MULTIFRACTALITY  IN  LIMITED  DATASETS 

A.  Davis.'l*  A.  Marshak, §  W.  J.  Wiscombc.S  and  R.  F.  Cahalan^ 
jLos  Alamos  National  Laboratory  (MS  C-323),  Los  Alamos,  NM  87545,  USA. 
^NASA’s  Goddard  Space  Flight  Center  (Code  913),  Greenbelt,  Md  20771,  USA. 
E-mail:  adavis@lanl.gov 

Multifractal  methods  have  enjoyed  a  steady  increase  in  popularity  with  geophysicists 
over  the  past  15  years,  i.e.,  ever  since  their  quasi-synchronous  inception  in  chaotic 
attractor  characterization  and  tuibulent  signal  analysis.  In  the  former  case,  we  need  a 
singular  measure  as  input;  in  the  latter  case,  we  require  a  non-differentiable  function 
f[x).  In  the  former  case,  we  consider  the  scaling  behavior  of  many  statistical 
moments  of  running  sums  with  respect  to  the  length  of  the  sum;  in  the  laner  case, 
we  compute  two-point  statistics  known  as  “higher-order  structure  functions:”  ^th 
moments  of  absolute  differences  between  two  function  values  t^en  at  lag  r,  namely. 
Dq(r)  =  (!/(.x+r)-^A:)14).  In  a  scaling  regime,  we  have  Dq(r) « and,  as  long  as 
there  is  truly  negligible  information  in  the  prefactors,  is  large-sense  concave: 

(where  twice  differentiable).  (N.B.  Being  ba^  on  sums  and  differences  at 
dl  scales,  wavelet  transforms  have  since  provided  a  unified  framework  for  the  two 
basic  approaches  to  multifractal  data  analysis;  so  our  focus  on  ^(9)  is  actually  not 
that  restrictive.]  In  retrospect,  we  can  view  gth-order  structure  functions  as  a  general¬ 
ization  of  the  (7  s  2  case  -—of  geostatistics  fame  in  particular —  by  relaxing  the  funda¬ 
mentally  Gaussian  assumption  that  2nd-order  moments  determine  all  others.  If  indeed 
this  is  the  case,  then  dimensional  arguments  lead  to  Dq{r)  -  hence  t^(q)  = 

ql^(2)/2,  a  linear  function  as  found  for  monofractal  models  (e.g.,  fBm).  It  is  easy  to 
see  that  this  is  only  an  asymptotic  result,  valid  in  the  limit  of  an  infinite  amount  of 
data.  We  have  developed  an  empirical  test  for  situations  were  a  monofractal  mode! 
can  be  considered  “good  enough;”  conversely,  we  can  flag  data  with  observed  multi- 
fractality  compatible  with  its  finite  scaling  range  and/or  number  of  realizations. 


DECADAL  CLIMATE  VARIABILITY  IN  CONCEPTIONAL  MO- 
DEI^  OF  THE  ATMOSPHERE  AND  THE  ATMOSPHERE- 
OCEAN  SYSTEM 

K.  Dethloff  (1),  A.  Welsheimer  (1),  D.  Handorf  (1).  A.  Rinke  (1). 

M.  V.  Kurgansky  (2),  V.  Petoukhov  (2),  W.  Jansen  (3) 

(1)  Alfred-Wegener  Institute  for  Polar  and  Marine  Research,  Research 
Department  Potsdam,  (2)  Obukhov-Instiiuie  of  Atmospheric  Physics. 
Moscow,  (3)  Institute  of  Physics,  University  Potsdam, 
deihloff@awi-potsdam.de/Fax:+49-331-288-2137 

To  improve  the  understanding  of  climate  changes  beside  the  influence  of 
external  factors  on  climate,  a  better  understanding  of  natural  climate  varia¬ 
bility  on  the  decadal  and  centennial  time  scales  due  to  internal  nonUnear 
mechanisms  is  needed.  Long-term  integrations  of  simplified  conceptional 
atmospheric  models  and  of  the  atmosphere-ocean  system  for  1.000  up  to 
10.000  years  have  been  carried  out  to  quantify  the  natural  climate  varia¬ 
bility  on  time  scales  of  decades  to  centuries  ^e  to  internally  generated 
nonlinear  dynamical  processes  and  interactions. 

The  model  time  series  have  been  used  to  analyze  the  dominating  atmo¬ 
spheric  temporal  and  spatial  pattern  using  empirical  orthogonal  functions 
and  time  fi^quency  analysis.  The  dominant  mechanisms  of  decadal  climate 
variability  are  internally  driven  by  nonlinearities  connected  with  atmo¬ 
spheric  processes  and  generate  a  frequency  spectmm  with  a  large  portion 
of  variance  concentrated  in  the  decadal  time  scale. 


EFFICIENT  COHERENT  NOISE  REJECTION 

OY^  GENER  ALIZED  SINGULAR  VALUE  DECOMPOSITION 

T.  Dnelok  de  Wit 

Centre  dc  Physique  TMorlque,  ONUS  and  Univer.'Jitrf  de  Provencri,  l.unriny  f.a«e 

9l)7.  r'li(2H8  Marseille  cedox  9,  France. 

ddwUCcpc.univ-mra.lr 

A  genoric  problem  iu  applied  phyMics  is  the  extrnnf.ion  of  the  dytiarnirs  from  n 
system  which  ie  [.)t>ll!ttRd  1/  some  uncontrollable  “noiau".  Technique  aiich  ah 
the  Singular  V'alur*  l)ecoinp(wltion  (or  SSA)  ar**  uf  little  use  for  this  when  thri 
iioia**  ib  Coherent. 

However,  when  a  reference  data  f<«;t  i.s  availablo  with  nuise  ohservation^^  only, 
Mum  the  exlrwuMrui  ran  ho  rorisidurnbt/  improved  by  gtujuralizing  i.h<'  Singtilivr 
Valuii  D«'Coiripo»ttK)n.  The  idea  us  1,0  project  thn  pha,se  space  of  tins  system, 
or  ila  rvcniintniction  by  tiine^dclay  l•mbrt'Jdi^lg|  on  a  noii-orf  bogona!  that 
captured  moet  of  t!)B  dytiamics  of  inttirrst  while  rejecting  the  tinwanted  rmisa, 
Two  examples  iVom  .spatlo-ietnporal  expcrittuniLs  jllii5ilmi.n  the  JidVrVif.agas  and 
the  llmilaliotis  of  the  Urr.jmique. 


RESOLUTION  OF  A  NONLINEAR  FUNCTION  OF  A  SIGNAL 
INTO  SMOOTH  AND  SINGULAR  OR  INTERMITTENT  PARTS, 
USING  WAVELET  PARAPRODUCT 

Aim4  Fournier 

National  Center  for  Atmospheric  Research,  Boulder,  CO  USA  80307-3000. 
JournierOucar.edu/Fax:  [+1]  303  497  1700 

This  presentation  introduces  to  the  geophysical  audience,  a  construction  from 
functional  analysis  known  as  the  paraproducl,  by  which  the  singular  part  of  a 
nonlinear  function  of  a  signal  may  be  extracted  from  the  ‘smooth’  part.  That 
is,  the  nonlinear  function  may  be  written  as  a  sum  of  two  terms,  one  of  which 
is  smooth,  the  other  containing  the  spatially  localized  singular  or  intermit¬ 
tent  features.  This  is  accomplished  using  the  orthonormal  wavelet  transform. 
Applications  to  analysis  of  variance  are  discussed. 
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Nonlinear  time  series  analysis  in  phase  space 
Ted  W.  Prison 

Randle,  Inc.,  Great  Falls,  Virginia,  USA 
ted@chaotic.com 

A  toolkit  of  algorithms,  described  in  “Analysis  of  Observed  Chaotic 
Data”  [Abarbanel,  1996,  Springer-Verlag],  for  the  analysis, 
characterization,  and  prediction  of  chaotic  systems  has  been  used  on  a 
variety  of  oceanographic  data  including  surface  waves  and  water  levels 
at  tide  stations.  The  toolkit  starts  with  an  estimation  of  the  average 
mutual  information  and  calculation  of  the  global  embedding  dimension, 
d^.  This  provides  sufficient  knowledge  to  form  the  attractor.  The  local 
dynamical  dimension  (the  active  degrees  of  freedom),  d^,  is  then 
computed.  Finally,  the  d^  Lyapunov  exponents  are  derived.  The  largest 
Lyapunov  exponent,  k,,  describes  the  rate  at  which  nearby  trajectories 
separate,  in  aggregate,  and  has  been  demonstrated  to  be  a  good 
classifier  of  oceanic  phenomena  such  as  water  levels.  As  a  practical 
demonstration  of  the  utility  of  this  approach,  a  phase  space  predictor 
has  out  performed  other  methods  of  temporal  ocean  water  level 
predictions.  A  phase  space  method  for  prediction  one  time  series  from 
another  is  demonstrated  using  data  from  tide  stations  at  Charleston,  SC, 
USA  and  Key  West,  FL,  USA. 


THE  SSA-MTM  TOOLKIT:  APPLICATIONS  TO  ANALYSIS  AND 
PREDICTION  OF  TIME  SERIES 
Michael  Ghil 

Dept,  of  Atmospheric  Sciences  and  Inst,  of  Geophysics  and  Planetary  Physics, 
UCLA,  Los  Angeles,  CA  90095-1565  USA.  e-mail:  ghil@atmos.ucla.edu. 

A  software  toolkit  for  advanced  spectral  methods  has  been  exten¬ 
sively  revised  and  made  available  on  the  Worldwide  Web  in  Spring 
1997  (http://www.atmos.ucla.edu/tcd).  The  toolkit  emphasizes,  besides  the 
more  traditional  Blackman-Tukey  and  maximum-entropy  methods,  singular- 
spectrum  analysis  (SSA)  and  the  multi-taper  method  (MTM);  hence  its  name. 
The  Toolkit  developers  and  many  independent  investigators  have  applied  suc¬ 
cessive  versions  of  the  toolkit  to  a  variety  of  practical  problems.  The  methods 
themselves  are  easy  to  understand  and  program,  but  the  statistical-significance 
issue  is  much  more  delicate,  both  theoretically  and  computationally.  A  system¬ 
atic  comparison  of  results  from  various  methods  adds  considerabie  insight  over 
the  mere  statistical  testing  of  any  particular  method’s  results.  A  graphical  user 
interface  helps  support  such  comparisons,  as  well  as  the  "dynamical”  testing  of 
results  from  any  given  method,  by  changing  interactively  the  parameters  of  the 
method,  such  as  the  window  width,  sampling  rate,  or  resolution  of  the  resulting 
power  spectrum.  The  talks  shows  how  the  SSA-MTM  Toolkit  tackled  these  is¬ 
sues  and  outlines  applications  to  the  prediction  of  interannual  and  interdecadal 
climate  valiability.  It  reflects  joint  work  with  M.R.  Allen,  M.D.  Dettinger,  K. 
Ide,  M.E.  Mann,  G.  Plant,  A.W.  Robertson,  C.  Strong,  Y.  Unal,  R.  Vautard, 
W.  Weibel  and  P.  Yiou. 


STADY  OF  NONLINEAR  ELASTIC  PROPERTIES  OF  REAL  MEDIA 
BY  BISPECTRAL  CHARACTERISTICS  OF  SEISMIC  NOISE 

V.V.Gushchin  (Seismology  Department,  Radiophysical  Research  Institute,  N. 
Novgorod,  Russia);  O.V.Pavlenko  (Institute  of  Physics  of  the  Earth,  Moscow, 
Russia) 

To  estimate  nonlinear  elastic  properties  of  real  media,  bispectral  characteristics  of 
seismic  noise  are  caleulated  for  regions  with  different  geological  structure.  Within 
the  studied  frequency  ranges  (from  fractions  to  tens  of  Hz),  we  obtained  a  uniform 
distribution  of  bispectral  amplitudes  testifying  to  the  qualitative  homogeneity  of  the 
medium  response  to  weak  seismic  actions.  On  ciystalline  rocks,  bispectral 
characteristics  are  close  to  zero  in  frequency  ranges,  which  do  not  contain  storm 
microseisms  and  industrial  harmonics,  seismic  noise  is  an  almost-Haussian  process. 
On  bicoherency  maps,  triples  of  phase-coupled  industrial  harmonics  are  often 
clearly  seen.  On  sedimentary  rocks,  bispectral  amplitudes  are  slightly  higher  than 
on  crystalline  rocks;  this  may  be  due  to  elastic  nonlinearity  of  subsurfece  soils, 
however,  for  definite  conclusions,  additional  data  are  desirable.  Groups  of  phase- 
coupled  oscillations  are  found  in  the  frequency  range  of  storm  miaoseisms; 
however,  to  determine  the  cause  of  their  appearance,  i.e.,  features  of  generation  and 
propagation  of  microseisms,  or  nonlinear  effects,  recordings  from  stations  disposed 
at  various  distances  from  the  source  of  microseisms  are  necessary. 


STATISTICAL  PROPERTIES  OF  DYNAMIC  SYSTEMS: 

DEPNDENCE  ON  SCALES  OF  RESOLUTION 

Sergey  S.  Ivanov 

P.P.Shirshov  Institute  of  Oceanology,  Russian  Academy  of  Sciences,  Moscow,  Russia 
(e-mail;  ivass@dol.ru) 

Statistical  properties  of  dynamic  systems  are  examined  by  the  example  of  a  logistic 
equation.  We  distinguish  four  scales  of  a  resulting  sequence:  (I)  internal  resolution 
/,  which  is  the  accuracy  of  calculations,  (2)  observational  resolution  E,  which  is  the 
accuracy  of  representation,  and  (3)  total  length  of  realization  L.  Both  /  and  F  are 
regarded  as  relative  values  expressed  with  respect  to  the  maximum  amplitude  of  the 
process  A.  Commonly,  we  imply  that  /  is  indefinitely  small  and  E  is  small  enough 
not  to  influence  the  result;  however,  one  cannot  expect  that  actual  natural  systems 
should  follow  these  rules.  We  may  readily  see,  that  the  total  number  of  the  states  of 
the  system  isN=A/I,  so  ifL  >Nwe  shall  necessarily  encounter  a  repeated  value 
(state)  and  regard  the  result  as  a  periodic  rather  than  chaotic,  regardless  of  the  value 
of  the  control  parameter.  On  the  other  hand,  if  F  >  /(and  this  is  the  most  common 
case  in  treating  natural  time  series)  we  may  recognize  the  features  of  a  Markov  chain 
in  the  resulting  sequence.  The  greater  is  the  difference  between  F  and  I,  the  longer  is 
the  history  one  needs  to  take  into  account  in  order  to  reach  the  given  state.  Thus,  one 
and  the  same  process  may  appear  to  be  chaotic,  periodic,  or  Markovian  depending 
on  the  scales  cited. 

These  considerations  are  assessed  from  the  point  of  view  of  predictability  of  natural 
time  series  and  possibilities  of  interpolation  of  chaotic  sequences. 


SPATIAL  RECONSTRUCTION  OF  SCALAR  FIELDS  FOR 
LARGE  RATIOS  OF  THE  NOISE  TO  RECONSTRUCTING 
SIGNAL  AND  UNKNOWN  NOISES. 

Ivanov  L.  M.  and  T.  M.  Margolina 

Marine  Hydrophysical  Institute  Ukrainian  National  Academy  of  Sciences, 

Sevastopol  335000,  Ukraine 

ocean  §mhi2.sebastopol.ua/Fax:-i-380-692-44‘1253 

An  approach  to  reconstruct  scalar  fields  from  the  noisy  data  is  suggested. 
It  combines  spectral  representations  for  field  characteristics  and  special 
high-effective  noise  reduction  procedure  developed  by  Ivanov  and  Margoiina 
[1996J.  This  procedure  is  an  optimal  filter. 

It  is  demonstrated,  that  successful  reconstruction  is  possible  for  the  following 
data. 

1.  The  noise  to  reconstructing  signal  ratio  is  less  than  4-5. 

2.  The  ratio  of  the  number  of  parameters  to  be  determined  by  the  recon¬ 
struction  (for  example,  the  number  of  mode  amplitudes)  to  the  number  of 
observations  should  be  less  than  0.1  to  0.2  and  0.5  to  0.6  for  stochastic  and 
deterministic  representations  of  scalar  fields,  respectively. 

3.  The  spatial  resolution  of  observations  should  not  be  less  than  a  few 
corresponding  scales  of  scalar  fields. 

4.  Noise  statistics  are  unknown. 

5.  The  low-order  statistics  of  the  useful  signal  may  also  be  unknown.  How¬ 
ever.  simple  models  which  give  a  correlation  of  the  mean  characteristics  of 
useful  signal  should  be  developed. 

The  approach  are  applied  to  reconstruct  the  concentration  field  of  SiOo  in 
the  Kara  Sea  and  climatic  chlorophyll  field  in  the  Black  Sea. 


NONLINEAR  SPECTRAL  ANALYSIS 
AND  THE  POSSIBILITY  OF  ITS  USE 
IN  PREDICTING  THE  23  CYCLE  OF  SOLAR  ACTIVITY 

N.  Klochek,  M.  Nikonova  and  L.  Palamarchuk 

Institute  of  Solar-Terrestrial  Physics,  P.O.Box  4026,  Irkutsk  664033,  Russia. 
nikaCiszl . irk . ru 

From  the  present  point  of  viewthe  processes  on  Sun  may  be  considered  in  the 
context  of  nonlinear  dynamic  system.  Consequently,  the  indices  determined  the 
solar  activity  level  characterize  the  behaviour  of  such  system.  The  nonlinear 
spectral  analysis  of  the  time-dependent  data  set  of  Wolf  numbers  confirms  this 
to  be  true.  An  attempt  was  made  to  construct  the  nonlinear  spectral  model  of 
the  average  monthly  Wolf  numbers  over  the  period  from  1749  to  1997  and  to 
extrapolate  it  to  the  future  with  the  purpose  of  predicting  the  parameters  of 
the  23  cycle  of  solar  activity.  This  model  permits  to  predict  the  value  and  the 
time  of  the  peak  height  of  the  forthcoming  cycle. 

This  method  of  nonlinear  prediction  may  be  used  in  the  modelling  and  predict¬ 
ing  many  other  real  physical  processes  on  Sun  and  Earth. 
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RESEARCH  OF  QUASIPERIODIC  PROCESSES 
BY  A  RESONANCE  METHOD 

Dmitri  G.  Kirian 

Institute  of  Mechanical  Engineering  Problems  of  the  Academy  of  Sciences, 
V.O.,  Bolshoi  61, 199178  St.Petersburg,  RUSSIA, 
dikifimail .  wplus .  net  /Fax:  [+7]-812-552-3576 

As  the  basic  problems  of  the  analysis  of  quasiperiodic  processes  is  possible 
to  consider:  search  of  periodicity,  restoration  of  the  missed  observations  from 
the  available  information  (construction  of  model  in  view  of  physics  of  the  phe¬ 
nomenon),  extrapolation  (forecast)  for  limits  of  an  interval  of  supervision.  They 
offer  the  new  method  of  the  resonance  analysis.  The  method  is  free  from  lacks 
inherent  to  classical  methods.  To  lacks  relating  it  is  possible:  a  multiplicity 
of  frequencies,  false  spectral  lines,  the  problem  of  calculation  of  a  true  initial 
phase,  amplitude,  the  problem  of  separation  of  neighboring  periods  and  so  on. 
This  method  allows  to  investigate  irregular  one  and  two-dimensional  time  series 
with  a  high  level  of  noise.  The  method  allows  to  find  the  basic  parameters  of 
researched  processes  with  anyone  by  the  beforehand  given  accuracy.  There  are 
many  applications  of  the  method  in  the  areas  in  geophysics,  geodynamics.  The 
method  allows  to  make  the  forecast  at  the  limited  quantity  and  quality  of  the 
initial  information  about  researched  process.  The  method  has  shown  the  high 
efficiency  at  research  of  a  trajectory  of  movement  of  an  instant  pole  of  rotation 
of  the  Earth  (Chandler's  motion),  and  at  rese2Lrch  of  dynamics  of  atmospheric 
processes. 


DERIVING  STOCHASTICAL  DYNAMICAL  MODELS 
FROM  NOISY  TIME  SERIES 

Frank  Kwasniok 

Institut  fiir  Atmospharenphysik  an  der  Universitat  Rostock, 
Schlofistr.  6,  18225  Kiihlungsborn,  Germany 
E~mail:  kwasniok@dkrz.de 

A  methodology  of  constructing  nonlinear  stochastical  dynamical  mod¬ 
els  fi-om  a  high-dimensional  time  scries  contaminated  with  observa¬ 
tional  noise  is  presented.  The  multivariate  dynamical  field  is  pro¬ 
jected  onto  a  linear  subspace  spanned  by  relatively  few  characteristic 
spatial  modes  called  principal  interaction  patterns.  The  expansion 
coefficients  of  these  patterns  are  assumed  to  be  governed  by  a  nonlin¬ 
ear  dynamical  system  specified  with  free  parameters  within  a  suitably 
chosen  model  class  driven  by  Gaussian  white  noise.  The  optimal  dy¬ 
namical  model  is  determined  by  identifying  the  spatial  patterns  and 
the  system  parameters  (i.  e.  the  parameters  of  the  deterministic  drift 
term  and  the  covariance  matrix  of  the  noise  term)  simultaneously 
from  a  time  series  using  a  Maximum-Likelihood-Principle.  The  per¬ 
formance  of  the  method  is  demonstrated  using  numerically  generated 
data. 


DYNAMICS  OF  TEMPORAL  DISTRIBUTION  OF  CAUCASIAN 
EARTHQUAKES 

T.  Macharashvili ,  IG.,  T.Chelidze,  IG.,  Z.  Javakhishvili,  IG. 

Institute  of  Geophysics  of  Georgian  Ac.  Science,  Tbilisi.  Georgia 
e-maiI:root@geophy.acnet.ge 

It  is  well  known  that  lithospheric  processes  related  to  earthquake  generation  are  highly 
complicated.  Quantitative  and  especially  quantitative  evaluation  of  dynamical 
properties  of  mentioned  processes  demand  implementation  of  modem  tools  of 
nonlinear  time  series  analysis.  For  last  decade  many  investigation  were  devoted  to 
search  for  chaotic  properties  of  seismicity.  Majority  of  published  results  led  to  the 
conclusion  that  low-dimensionality  of  temporal  distribution  of  earthquakes,  contrary 
to  their  space  distribution,  is  unlikely.  In  present  study  we  investigated  dynamical 
properties  of  seismicity  in  Caucasian  region  using  methods  of  nonlinear  analysis,  by 
consideration  magnitude  sequences  and  interevent  interval  time  series.  We  have 
carried  out  both  qualitative  (autocorrelation  functions,  power  spectrum.  2  and  3 
dimensional  phase  portraits,  Poincare  sections  etc.)  and  quantitative  (correlation 
dimension  estimation  by  Takens  best  estimator)  analysis  of  whole  mentioned  lime 
series  both  before  and  after  large  events.  We  evaluated  also  persistence  in  our  time 
series  using  Hurst  method  of  R/S  analysis.  As  it  was  shown  considered  time  series,  in 
accordance  with  literature  data  reveal  absence  of  low  dimensionality  of  temporal 
evolution  of  magnitude  and  interevent  time  intervals  for  earthquakes  of  Caucasian 
region.  Indeed  correlation  dimensions  for  all  investigated  series  are  at  least  higher 
then  -  8.  At  the  same  time  mentioned  processes  are  not  quite  random.  Moreover,  by 
analysis  of  time  series  before  and  after  largest  regional  events  for  sufficiently  long 
time  period  it  was  shown  that  nonlinear  structure  of  temporal  distribution  of  seismic 
processes  before  and  after  large  earthquake  are  different,  although  they  still  remain 
highdimensional.  Generally,  existence  of  nonlinear  structure  in  dynamical  properties 
of  earthquake  temporal  evolution  was  indirectly  confirmed  by  differences  in 
persistence  of  considered  time  series  before  and  after  large  event  and  by  reliable 
difference  of  Hurst  exponents  for  real  and  randomized  time  series. 


Analysis  of  Self- Affine  Log-Normal  Time  Series 

B.D.  Malamud  and  D.L.  Turcolte 

Department  of  Geological  Sciences,  Cornell  University,  Ithaca,  NY  14853-1504 
USA;  Malamud@Geology.Comell.edu  or  Bruce@Majamud.Com 

Self-affine  time  series  are  characterized  by  a  statistical  distribution  of  values  and  by 
their  persistence.  While  most  previous  studies  have  been  restricted  to  Gaussian 
(normal)  distributions,  many  geophysical  time  series  are  better  approximated  by 
log-normal  distributions,  an  example  is  river  discharge.  One  measure  of 
persistence  is  p,  where  the  power-spectral  density  (Sm)  depends  upon  frequency  (/„) 
according  to  5m  -  f^.  We  use  a  variety  of  techniques  to  quantify  the  strength  of 
persistence  of  synthetic  self-affine  time  series  with  -3  ^  P  ^  5,  and  log-normal 
distributions  with  coefficient  of  variation,  Cy  =  0.2,  0.5,  1.0.  Semivariograms  and 
rescaled-range  analyses  quantify  the  strength  of  persistence  over,  respectively,  1  £ 
P  ^  3  and  -1  ^  P  ^  1.  Rescaled-range  estimates  of  the  persistence  worsen  for  log¬ 
normal  noises  with  increasing  Cy.  Both  Fourier  spectral  techniques  and  wavelet 
variance  analyses  quantify  the  strength  of  persistence  for  all  p;  however,  wavelet 
transforms  have  a  fractal  basis  and  several  advantages  over  Fourier  transforms. 
Wavelet  analyses  locate  periodic  and  non-periodic  events  permitting  transient  or 
time-dependent  features  to  be  detected  and  lack  many  of  the  inherent  problems  that 
are  found  in  Fourier  power-spectral  analyses.  The  output  of  the  wavelet  transform, 
W(t,  a),  depends  on  the  wavelet  width,  a.  The  variance  of  the  wavelet  amplitude, 
Vv,  has  an  excellent  power-law  dependence  on  a,  such  that  Vw-"  a  .  The  wavelet 
variance  exponent,  Hw,  is  equal  to  p,  the  power-spectral  exponent.  A  variety  of 
applications  to  “actual'*  self-affine  time  series  are  shown. 


ON  EMBEDDING  REALISTIC  DATA 
P.  MeSharry  and  L.  A.  Smith 

Mathematical  Institute,  24-29  St  Giles’,  Oxford  0X1  3LB,  U.K.. 
■icsharryOmaths.ox.ac.uk/Fax:  [+44]  1865  270515 

Many  common  statistics  estimated  from  nonlinear  time  series  analysis  assume 
that  the  data  has  been  embedded  in  a  way  so  as  to  reconstruct  the  underlying 
dynamical  system,  for  example  via  a  time  delay  procedure.  It  is  well  known 
that  successful  reconstructions  allow  the  estimation  of  many  useful  dynamical 
variables,  yet  the  relevant  theorems  do  not  apply  even  for  accurate  observations 
of  finite  accuracy.  We  illustrate  both  how  the  embedding  approach  works  and 
why  it  often  fails,  using  8  bit  data  from  low  dimensional  systems.  This  suggests 
the  introduction  of  consistency  tests  which  are  trivially  passed  when  the  the¬ 
orems  of  deterministic  dynamical  systems  apply,  and  often  fail  for  observations 
of  physical  systems.  The  goal  is  to  identify  when  and  where  they  fail.  This  pre¬ 
vents  us  from  subsequently  drawing  false  conclusions  about  the  system  we  are 
analysing.  Applications  toward  identifying  short  term  predictability  and  state 
dependent  model  error  are  presented. 


TESTING  FOR  AN  ATTRACTOR  IN  THE  SOLAR  WIND 
Wieslaw  M.  Macek 

Sp«:e  Research  Centre,  Polish  Academy  of  Sciences,  Bartycka  18  A,  PL-007i6 
Warsaw,  Poland. 

A  time  series  of  velocity  fluctuations  of  the  low-speed  stream  of  the  solar  wind 
is  analysed  as  measured  by  the  Helios  spacecraft  in  the  inner  heliosphere,  which 
is  a  region  of  space  dominated  by  the  solar  wind  flow.  A  method  of  singular  sys¬ 
tem  analysis  is  invoked  to  give  a  faithful  representation  of  a  fractal  structure  in 
the  solar  wind.  In  this  way,  the  data  are  represented  in  terms  of  a  complete  set 
of  orthogonal  functions,  obtained  from  a  numerical  analysis  of  the  data.  This 
results  in  better  characteristics  of  the  fractal  structure.  We  have  supported  our 
previous  result  that  trajectories  describing  the  system  in  the  inertial  manifold 
of  phase  space  can  asymptotically  approach  the  attractor  of  low-dimen.sion. 
Furthermore,  the  obtained  characteristics  of  the  attractor  are  significantly  dif¬ 
ferent  from  that  of  the  surrogate  data.  Thus  the  results  of  these  tests  suggest 
that  the  inner  heliosphere  is  nonlinear  deterministic  system,  at  least  in  the 
inertial  manifold  of  the  phase  space  of  this  complex  high-dimensional  system. 


C109ti 


SPECTRAL-TEMPORAL  STRUCTURE  OF  NONLINEAR- 
PARAMETRIC  EFFECTS  IN  ROCKS  AS  AN  INDICATOR  OF  A 
GEODYNAMIC  MODE. 

A.V.Nazarevych  (Carpathian  Branch  of  Subbotin  Institute  of 
Geophysics  of  NASU.Naukova  str.  3-B,  29060i,-  L’viv,  UKRAINE. 

Nonlinear-parametric  characteristics  of  rocks  are  one  of  the  most 
efficient  indicators  of  their  stressed-strained  state  due  to  high 
tensosensitivity.  These  characteristics  have  been  used  for  long  for 
monitoring  of  natural  and  technogenic  geodynamic  processes  of 
different  scale,  in  particular,  at  seismoprognostic  Investigation  in  the 
Ukrainian  Transcarpathians.  The  effects  are  investigated  using 
original  techniques  and  equipment,  and  are  both  good  indicators  of 
stimulated  seismotectonic  processes  and  local  earthquake  precursors. 
Thus,  several  time  increase  of  spectral  amplitudes  within  the  range  of 
1-30  hours  has  been  detected  due  to  spestral-temporal  analysis  of 
parametric  seismogeoacoustic  data.  This  increase  begins  3-5  weeks 
before  local  earthquakes,  and  creep  ’miniearthquakes"  are  observed 
on  this  background.  Creep  tensovariational  storms  with  variation 
amplitudes  increasing  by  tens  and  hundreds  of  times  begin  several 
days  before  the  event. 


ENHANCED  MONTE  CARLO  SSA  FOR  DETECTION  OF 
MODES  WITH  NONTRIVIAL  DYNAMICS  EMBEDDED  IN  COL¬ 
ORED  NOISE 

M.  Palus  (1)  and  D.  Novotnd  (2) 

(1)  Institute  of  Computer  Science,  AS  CR,  Prague,  Czech  Republic,  (2)  Insti¬ 
tute  of  Atmospheric  Physics,  AS  CR,  Prague,  Czech  Republic. 
mpCuivt.cas.cz,  novCufa.cas.cz 

Singular  spectrum  analysis  (SSA)  is  a  useful  tool  for  identification  and  ex- 
traction  of  oscillatory  or  other  signals  from  noisy  background.  Its  basic  form, 
however,  is  reliable  when  a  signal  is  embedded  in  white  noise,  while  presence 
of  "colored"  noises  could  lead  to  spurious  results.  Recently,  Monte  Carlo  SSA, 
based  on  so-called  surrogate  data  technique,  has  been  introduced  in  order  to 
increase  reliability  of  detecting  signals  embedded  in  colored  noises,  which  are 
usually  present  in  geophysical  data.  We  propose  to  enhance  the  Monte  Carlo 
SS.A  by  evaluating  and  testing  regularity  of  dynamics  (quantified  by  so-called 
coarse-grained  entropy  rates)  of  the  SSA  modes  against  the  colored  noise  null 
hypothesis  in  addition  to  the  test  based  on  variance  (eigenvalues).  We  demon¬ 
strate  that  such  an  approach  can  enhance  the  test  reliability  in  detection  of  rel¬ 
atively  mote  regular  dynamical  modes  than  those  obtained  by  decomposition  of 
colored  noises,  in  particular,  in  detection  of  irregular  oscillations  embedded  in 
red  noise.  The  method  is  demonstrated  in  detection  of  neat-decadal  oscillations 
in  historical  temperature  records  obtained  from  several  European  locations,  as 
well  as  in  detection  of  3-5  year  oscillations  in  the  global  temperature  series, 
related  probably  to  the  ENSO  cycle. 


RISK  ANALYSIS  OF  GLOBAL  CHANGE 
G.  Petschel-Held 

Potsdam  Instiute  for  Climate  Impact  Research,  Telegrafenbecg.  D-14473  Pots¬ 
dam.  Germany. 

petschelOpik-potsdam.de/Fa.'c;  [49]  331  -  2882600 

Earth  System  changes  are  taking  place  on  a  variety  of  temporal  and  spatial 
scales.  Especially  rather  short  and  medium  term  processes  like  the  enhanced 
greenhouse  effect  or  the  massive  erosion  of  fertile  soils  all  over  the  world  are 
equally  threatening  and  related  to  human  activities.  In  this  presentation  a  novel 
approach  to  analyse  these  global  environmental  changes  is  presented  which  aims 
at  the  formu-  lation  of  ’risk  avoiding’  strategies.  Based  on  simple  models  and 
frameworks  a  risk  analysis  is  carried  out  which  takes  into  account  both,  the 
knowledge  and  the  policy  induced  uncertainty  of  the  relevant  systems.  The 
approach  is  illustrated  along  the  climate  system  where  a  risk  analysis  with 
respect  to  a  'untolerable  climate  evolution’  is  carried  out. 


THE  FRACTAL  ANALYSIS  OF  NOISES 
WITH  SPECTRAL  FUNCTION  G(()o)-1/<d^ 

A-Raschddaveva. 

Yu.  Machehin 

fax;+380-572-436193;  E-mail;Yuri@metroIogy.Khatkov.ua 

The  fractal  dimension  D  of  random  time  serieses  with  spectral 
function  G((D>>l/(n\0.2<3.<6)  was  considered.  The  principal  problem  was  to 
search  en^irical  dependence  D  via  parameter  X.  The  method  of  R/S  functions 
was  used  for  solution  of  the  problem. 

It  was  shown  that  the  d^endence  D  from  Xcould  be  devided  in  two 
domains. 

In  the  first  range  (0.2<X<I)  D  depends  on  X  and  the  second  one 
(0.2<X<1)  corresponds  to  the  case  when  D  is  indqtendent  from  X. 

Besides  ^e  dimension  D  dqiends  on  the  length  of  interval  of  time 
series  N.  For  small  values  of  N  the  ^ue  of  the  dimension  D  is  smaller  than 
the  one  for  larger  values  of  N. 

In  report  the  conclusion  was  made  that  it  is  possible  to  use  fractal 
dimension  for  analysis  of  flikker  noises . 


CHAOS  AND  THE  (BROKEN)  BOOTSTRAP 

Leonard  A.  Smith  (1),  Christine  Ziehmann  (2)  and  Jurgen  Kurths  (3) 
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gisches  Institut,  Fteie  Universitat  Berlin,  Germany,  (3)  Department  of  Physics, 
Universitat  Potsdam,  Germany. 
lennyCmaths.ox.ac.ult/Fax:  [44]  1865  270  515 

Inasmuch  as  Lyapunov  exponents  provide  a  necessary  condition  for  chaos  in  a 
dynamical  system,  confidence  bounds  on  estimated  Lyapunov  exponents  are 
of  great  interest.  We  examine  the  bootstrap  approach  as  a  framework  for 
quantifying  sampling  uncertainties,  and  demonstrate  that  it  is  inappropriate 
for  muitiplicative-ergodic  statistics  of  deterministic  chaos;  this  remains  un¬ 
changed  in  the  presence  of  observational  noise.  For  aleatoric  dynamics  (non¬ 
linear  stochastic  processes),  we  introduce  a  dynamically  conditioned  boot¬ 
strap  approach  for  muitiplicative-ergodic  statistics  such  as  Lyapunov  expo¬ 
nents.  A  alternative  approach  towards  quantifying  the  minimum  duration  of 
observations  requited  to  estimate  global  Lyapunov  exponents  is  suggested;  this 
approach  provides  a  necessary  (but  not  sufficient)  condition  by  determining 
whether  a  particular  finite  time  exponent  might  provide  a  good  approxima¬ 
tion  to  the  global  Lyapunov  exponent  and  is  applicable  to  both  deterministic 
and  stochastic  systems.  Arguments  ate  advanced,  which  suggest  that  it  is  not 
possible  to  state  sufficient  conditions  in  the  case  of  deterministic  dynamics. 


THE  IRRELEVANCE  OF  CHAOS  IN  FORECASTING  AND 
"TINY”  DATA  SETS 

Leonard  A.  Smith 

Mathematical  Institute,  Oxford  University,  0X1  3LB,  U.K.. 
lennyflmaths.ox.ac.uk/Fax:  [44]  1865  270  515 

Inasmuch  as  Lyapunov  exponents  provide  a  necessary  condition  for  chaos  in  a 
dynamical  system,  confidence  bounds  on  estimated  Lyapunov  exponents  are 
of  great  interest.  We  examine  the  bootstrap  approach  as  a  framework  for 
quantifying  sampling  uncertrunties,  and  demonstrate  that  it  is  inappropriate 
for  muitiplicative-ergodic  statistics  of  deterministic  chaos;  this  remruns  un¬ 
changed  in  the  presence  of  observational  noise.  For  aleatoric  dynamics  (non¬ 
linear  stochastic  processes),  we  introduce  a  dynamically  conditioned  bootstrap 
approach  for  muitiplicative-ergodic  statistics  such  as  Lyapunov  exponents.  A  al¬ 
ternative  approach  towards  quantifying  the  minimum  duration  of  observations 
required  to  estimate  global  Lyapunov  exponents  is  suggested;  this  approach 
provides  a  necessary  (but  not  sufficient)  condition  by  determining  whether  a 
particular  finite  time  exponent  might  provide  a  good  approximation  to  the 
globai  Lyapunov  exponent  and  is  applicable  to  both  deterministic  and  stochas¬ 
tic  systems.  Arguments  are  advanced,  which  suggest  that  it  is  not  possible  to 
state  sufficient  conditions  in  the  case  of  deterministic  dynamics. 
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EL  NINO  CHAOS:  PRONOUNCED  NOISE  INDUCED  EFFECTS 
AND  STOCHASTIC  RESONANCE  IN  A  MODEL  OF  THE  ENSO 
CYCLE 

L.  Stone  (1),  P.I.Saparin  (1,2).  A.  Huppert  (1)  and  C.  Price  (3) 

(1)  Porter  Super-Center  for  Ecological  and  Environmental  Studies,  Tel  Aviv 
University,  Ramat  Aviv  69978,  Israel.,  (2)  Department  of  Nonlinear  Dynamics, 
Inst,  of  Physics,  Potsdam  University,Germany,  (3)  Department  of  Geophysics 
and  Planetary  Sciences,  Tel  Aviv  University,  Ramat  Aviv  69978,  Israel.. 
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An  alternative  approach  for  explaining  aperiodicity  and  chaos  in  the  El-Nino- 
Southern-Oscillation  (ENSO)  is  proposed,  which  considers  the  ocean's  equa¬ 
torial  wave  dynamics  as  part  of  a  nonlinear  dynamical  system  driven  by  ran¬ 
dom  environmental  fluctuations.  Noise  excitation  causes  the  model  to  jump 
chaotically  between  different  interacting  oscillations  generated  by  the  system’s 
implied  “Pacific  ocean-atmosphere”  cycle  and  the  seasonal  cycle.  The  injec¬ 
tion  of  noise  induces  chaotic  dynamics,  triggering  an  El  Nino  whenever  the 
models  thermocline  depth  exceeds  a  threshold  level.  A  “stochastic  resonance” 
arises  -  should  noise  intensity  deviate  substantially  from  optimal,  the  regular 
development  and  coherence  of  the  ENSO  cycle  is  impeded.  The  model's  noise 
induced  chaos  provides  an  attractive  explanation  for  the  sporadic  yet  deter¬ 
ministic  character  of  El  Nino  events. 


LINEAR  AND  NON-LINEAR  TIME  SERIES 
ANALYSIS  OF  CYG  X-1 

J.  Timmer^  I.  VVardinski^,  U.  Schwarz^,  G.  Hasinger^  and  J.  Kurths^ 
*Freiburger  Zentrum  fiir  Datenanalyse  und  Modellbildung.  D-7910-1  Freiburg. 
Germany 

^Institut  fiir  Physik,  Universitat  Potsdam.  D-14469  Potsdam,  Germany 
^Astropysikalisches  Institut  Potsdam,  D-14482  Potsdam.  Germany 

We  analyze  a  RXTE  observation  of  the  black  hole  candidate  Cyg  X- 
1  by  the  linear  state  space  model  and  search  for  effects  of  nonlinearity 
by  surrogate  data  testing.  The  state  space  model  reveals  a  relaxator  on 
short  time  scales.  Surrogate  data  testing  shows  that  it  is  not  a  linear 
relaxating  process.  Furthermore,  it  suggests  nonlinear  effects  on  long 
time  scales.  We  investigate  the  significance  of  this  result  by  simulation 
studies  ba-sed  on  the  fitted  linear  state  space  model. 


VARVED  PLEISTOCENE  LAKE  SEDIMENTS  IN  NW  ARGENTI.NA  AS 
ARCHIVES  OF  PALEO-CLIMATE  DYNA\UCS:  COMPARISON  OF  PAST 
AND  MODERN  RAINFALL  VARIATIONS 

M.H.  Trauth  (1),  U.  Schwarz  (2),  J.  Kurths  (2),  K.  Haselton  (1),  M.  Streckcr  (1) 

(1)  Institut  fiir  Geowissenschaften,  (2)  Institut  fUr  theoretische  Physik  und 
Astrophysik,  Universitdt  Potsdam,  Germany;  lrauth@geo.uni-potsdam.de 

Climatic  shifts  towards  more  humid  conditions  and  enhanced  intra-  and  interannual 
rainfall  variations  is  one  of  several  influential  factors  causing  landslides  in  high 
mountains  (see  also  session  NH3-5).  In  order  to  test  this  hypothesis  for  the 
NW-Argentine  Andes,  both  modem  and  past  precipitation  variations  have  been 
analyzed.  Modem  rainfall  data  show  a  strong  influence  of  two  major  climate 
oscillators,  the  Atlantic  sea-surface  temperature  (SST)  dipole  and  the  El 
NI±o/Southem  Oscillation  (ENSO).  Whereas  the  Atlantic  SST  dipole  consisiantly 
increases  tropical  and  subtropical  South  American  rainfall  with  mean  periodicites  of 
10  to  13  years,  the  ENSO  causes  a  complex  spatial  pattern  of  rainfall  anomalies  either 
with  a  significant  increase  or  decrease  in  total  rainfall  during  El  Ni±o  years:  in  NW 
Argentina  modem  precipitation  appears  to  be  slightly  reduced  during  these  events.  The 
past  precipitation  changes  have  been  reconstructed  from  annual-layered  (varved) 
deposits  of  a  >35  k^r  landslide-dammed  lake  in  the  Qda.  de  Cafayate  (25  59’S 
65  46'W).  Color  changes  In  the  varves  are  used  as  a  proxy  for  river  influx  into  the 
lake,  inferred  to  be  linked  to  precipitation  changes.  In  addition,  the  dynamics  of  the 
lake  ecosystem  has  been  reconstmcted  from  silica-  algae  assemblages  and  the 
sediment  composition.  The  comparison  of  rainfall  variations  through  time  shows  that 
both  today  and  during  tandsiiding  the  Atlantic  SST  dipole  slightly  increased  local 
rainfall:  however,  in  contrast  to  present  conditions  the  ENSO  increased  precipitation 
at  the  time  of  the  landstiding  event  with  mean  periodicites  of  3  to  5.  Future  changes  in 
the  spatial  distribution  and  extension  of  ENSO-related  precipitation  anomalies  could 
therefore  increase  the  risk  of  future  landslides  in  this  region. 


Using  Nonlinear  Approaches  to  Predict 
Predictability  and  Transitions  in  the 
Atmospheric  General  Circulation 

A.A.  Tsonis  and  P.J.  Roebber  Dept,  of  Geosciences, 
University  of  Wisconsin-Milwaukee,  Wl  53201 

We  present  evidence  that  a  hemispheric  measure 
closely  related  to  available  potential  energy  is  cha¬ 
racterized  by  a  low-dimensional  dynamical  system. 
The  evidence  is  supported  by  three  nonlinear  time 
series  analysis  approaches,  namely,  dimension 
estimates,  nonlinear  prediction  and  Lyapunov  expo¬ 
nents  calculation.  We  then  were  able  to  demonstrate 
that  1)  this  dynamical  system  can  explain  large 
scale  circulation  changes,  and  2)  nonlinear  predi¬ 
ction  may  be  able  to  provide  very  good  prediction  of 
local  Lyapunov  exponents  (local  predictability). 


ANALYSIS  OF  SEISMIC  DYNAMICAL  SYSTEMS 
M.  Urquizu  and  A.  M.  Correig 
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Franques  1,  E-08028  Barcelona,  Spain.. 
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A  procedure  is  presented  for  the  analysis  of  complex  stationary  time  series  for 
which  the  Fourier  power  spectra  reveals  broadband  noise  or  broadened  pulses. 
We  first  determine  the  Hurst  exponent  from  which  we  may  know  whether  the 
time  series  under  study  is  mainly  random  or  if  the  data  points  present  corre¬ 
lations.  If  the  data  are  correlated,  a  chaotic  analysis  will  reveal  whether  they 
may  be  interpreted  as  a  low  dimensional  nonlinear  system  (defined  by  a  low 
correlation  dimension  and  a  finite  and  positive  Kolmogorov  entropy  and  largest 
positive  Lyapunov  exponent)  or  as  a  stochastic  process.  We  have  studied  three 
kind  og  temporal  series:  interevent  time  series  of  infrasonics  recorded  at  Strom- 
boli  volcano,  and,  S-coda  waves  and  microseisms,  that  have  been  recorded  at 
the  eastern  Pyrenees.  Results  show  that  microseism  and  Coda  waves  can  be 
modelated  as  a  low  dimensional  deterministic  System,  Correlation  dimensions 
2.3,  3.2,  respectively.  At  the  contrary  infrasonic  has  resulted  stochastic.  This 
chaotic  character  can  be  attributed  to  the  medium  properties.  Coda  waves  with 
scattering  through  a  fractal  distribution  of  scatters  or  to  multiple  reflexion  in¬ 
side  resonators  (for  example  scdimentari  basins)  and  microseisms  as  a  propa¬ 
gation  of  wave  guide  of  variable  cross  section,  this  character  is  well  reproduced 
by  a  nonlinear  forced  oscillator. 


COMPLEXITY  ANALYSIS  OF  LONG-TERM  TIME  SERIES 
FROM  THE  HUBBARD  BROOK  ECOSYSTEM  STUDY 
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We  demonstrate  that  the  application  of  nonlinear  methods  to  hydrological  and 
biogeochemical  time  series  can  give  valuable  insights  into  the  structure  and 
function  of  ecological  systems.  Focus  is  on  long-term  data  from  the  Hubbard 
Brook  Ecosystem  Study.  We  investigate  complexity,  information-theoretic 
and  spectral  measures,  such  as  entropy,  fluctuation  complexity,  mutual 
information,  or  power  spectrum.  The  information  gathered  is  complementary 
to  conventional  statistics  as  well  as  process-oriented  modeling.  One 
possibility  to  approach  understanding  of  ecosystem  behavior  is  to  ask  for  the 
transformation  performed  by  the  system  on  input  when  producing 
corresponding  output  signals.  This  transformation  is  indirectly  characterized 
through  differences  in  the  general  temporal  structure  of  precipitation,  solutes, 
and  runoff.  Several  catchments  from  this  site  are  compared  and  their  ability  to 
reduce  information  content  is  demonstrated. 
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INTERNAL  GRAVITY  WAVE  BREAKING  IN  THE  MIDDLE  AT¬ 
MOSPHERE:  TWO-  AND  THREE-DIMENSIONAL  NUMERICAL 
SIMULATIONS 
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Transfer  of  momentum  from  the  wave  field  to  the  mean  flow  associated  with 
internal  wave  breaking  is  an  important  effect  determining"local  miidng  as  well 
as  vertical  distribution  of  winds  in  the  atmosphere.  Appropriate  representation 
of  the  momentum  flux  is  also  a  key  issue  in  the  design  of  “subgrid”  parameter- 
isations  for  general  circulation  models.  New  results  from  a  sequence  of  2D  and 
3D  numerical  simulations  of  the  evolution  of  monochromatic  internal  gravity 
waves  induced  by  a  topographic  forcing  in  a  periodic  domain  will  be  presented. 
Strong  dependence  of  the  dynamics  of  wave  mean-flow  interaction  on  the  degree 
of  hydrostaticity  of  the  wave  is  observed.  In  particular,  a  highly  non-hydrostatic 
wave  (which  propagates  almost  vertically)  breaks  at  a  relatively  low  altitude 
forming  a  narrow  jet-like  flow  of  negative  velocity  which,. in  turn,  arrests  further 
upward  propagation  of  the  wave.  In  the  opposite  limit  of  a  hydrostatic  wave, 
breaking  starts  at  high  altitude  and  extends  through  the  entire  depth  of  the 
fluid  layer.  Clear  evidence  of  the  development  of  spanwise  perturbations  in  the 
breaking  wave  is  observed  in  high-resolution  3D  simulation. 


LONG  INTERNAL  WAVES  OF  FINITE  AMPLITUDE 
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The  propagation  of  the  long  internal  waves  of  finite  amplitude  in 
the  two-layer  fluid  is  considered.  The  analytical  expressions  for  the 
components  of  the  fluid  particle  velocity,  elevation  of  the  basin’s  surf«M;e 
and  layer’s  interface  up  to  values  of  the  second  degree  are  obtained  basing 
on  expansions  of  the  velocity  potentials  in  the  upper  and  lower  layers 
and  using  the  Lagrange’s  technique  taking  account  of  dispersion  with 
subsequent  writing  of  desired  solution  as  an  expansion  in  powers  of  the 
amplitude  parameter.  The  relations  allowing  to  estimate  the  dispersion 
effect  and  the  applicability  of  the  approximation  of  "solid  cover  on  the 
basiil’s  surfeice"  are  deriv^. 

Basing  on  the  two-layer  density  model,  the  analogous  investigation 
is  carried  out  for  the  long  internal  waves  running  onto  the  vertical  Wedl. 
The  non-linear  disturbance  amplitudes  are  compared  with  the  incident 
wave  amplitude  in  the  case  of  the  open  water,  as  well  as  in  the  case  of 
"solid  cover"  approximation. 


NON-EQUILIBRIUM  OSBORN-COX  MODEL  FOR  OCEAN 
AND  ATMOSPHERE  MICROSTRUCTURE  FLUX  ESTIMATES 
C.W.  Van  Atta,  SIO,  UCSD 
K.  Keller,  AMES,UCSD 

Experimental  and  computer  simulation  studies  of  homogeneous  stably 
stratified  turbulence  provide  a  framework  for  generalizing  the  Osborn- 
Cox  model  used  by  oceanographers  (  and  potentially  by  meteorologists) 
to  infer  heat  and  momentum  fluxes  from  turbulence  microstructure  data. 

In  the  asymptotic  region  of  exponential  growth,  turbulent  kinetic  and 
potential  energies  have  the  same  growth  rates,  which  may  be  parameter¬ 
ized  in  terms  of  the  Richardson  number  Ri,  microscale  Reynolds  number 
Rx,  and  shear  parameter  SK/e.  These  three  parameters  can  be  simulta¬ 
neously  measured  by  contemporary  ocean  microstructure  profilers,  while 
resolution  of  the  dissipation  rate  c  is  apparently  not  yet  possible  with 
atmospheric  profilers.  Scaling  of  the  TKE  and  PE  equations  yields  ap¬ 
proximate  analytical  expressions  for  the  growth  rates  which  provide  use¬ 
ful  fits  to  the  data.  The  resulting  expressions  can,  in  principle,  be  used 
to  infer  turbulence  growth  rates  and  heat  and  momentum  fluxes  leading 
to  smali  scale  turbulent  mimng.  Prospects  for  application  to  oceanic 
and  atmospheric  data  sets,  as  well  as  to  our  current  laboratory  exper¬ 
iments  utilizing  approximately  instantaneous  vertical  sampling  will  be 
discussed. 


PARTICLE  DISPERSION  AND  MIXING  BY  BREAKING  INTER^ 
NAL  GRAVITY  WAVES 
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We  provide  estimates  of  diapycnal  mixing  induced  by  breaking  internal  grav¬ 
ity  waves  using  two  methods.  The  first  method  consists  in  a  direct  evaluation 
through  particle  dispersion  while  the  second  relies  upon  potential  energy  bud¬ 
gets.  We  investigate  both  standing  and  propagating  breaking  waves,  whereof 
dynamics  were  previously  analyzed  by  means  of  direct  numerical  simulations. 
A  local  estimate  of  mixing  is  first  inferred  from  the  time  evolution  of  sets  of 
particles  released  in  the  flow  during  the  turbulent  regime.  We  show  that  after 
an  early  evolution  dominated  by  shear  effects,  a  diffusion  law  is  reached. 

The  diffusion  coefficient,  K,  is  also  calculated  from  the  diffusive  flux  across  the 
isopycnals.  An  excellent  agreement  with  the  former  method  is  obtained.  This 
finding  is  of  particular  interest  regarding  the  interpretation  of  in  situ  estimates 
of  K,  either  inferred  from  tracer  dispersion  or  microstructure  measurements. 
We  show  that  the  result  of  mixing  is  a  vertical  layering  of  the  density  profile 
made  of  a  superposition  of  less  stratified  layers  and  more  stratified  layers.  We 
then  give  insight  on  the  mechanisms  of  formation  of  this  vertical  layering. 


DYNAMICS  OF  INTERFACES  AND  LAYERS  IN  A  STRATIFIED 
TURBULENT  FLUID 
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A  model  of  mixing  in  a  stratified  and  turbulent  fluid  which  uses  the  horizontally 
averaged  vertical  buoyancy  gradient  and  the  density  of  turbulent  kinetic  energy 
as  variables  is  proposed.  Heuristic  ‘mixing-length’  arguments  lead  to  a  coupled 
set  of  parabolic  differential  equations.  A  particular  form  of  mechanical  forcing 
is  proposed;  for  certain  parameter  values  the  relationship  between  the  buoyancy 
flux  and  the  buoyancy  gradient  is  noh-monotonic  and  this  leads  to  an  instability 
of  equilibria  with  linear  stratification.  The  instability  results  in  the  formation 
of  steps  and  interfaces  in  the  buoyancy  profile. 

The  turbulent  mixing  process  can  take  one  of  three  forms  depending  on  the 
strength  of  the  initial  stratification.  When  the  stratification  is  weak,  instability 
is  not  present  and  mixing  smoothly  homogenizes  the  buoyancy.  At  intermediate 
strengths  of  stratification,  layers  and  interfaces  form  rapidly  over  a  substantial 
interior  region  bounded  by  edge  layers  associated  with  the  fiuxless  condition 
of  the  boundaries.  The  model  predicts  a  third  case,  when  the  central  region  is 
linearly  stable  and  no  steps  form  there. 
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GENERAL  PROPERTIES  OF  THE  FREE  STRATIFIED  FLOWS 
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The  symmetry  properties  of  the  complete  set  of  governing  equations  in  ID,  2D 
and  3D  cas^  for  free  stratified  flows  are  analysed  by  continuous  groups  meth¬ 
ods.  The  symmetry  group  of  the  ID  stationary  equations  is  not  the  subgroup  of 
non-stationary  one.  All  2D  and  3D  transient  problems  have  the  same  symmetry 
groups  structure.  There  were  found  non-trivial  invariant  solutions  of  non-linear 
stratified  flows  equations  which  do  not  follow  directly  from  quality  analysis 
and  from  physical  sense  of  the  problem.  The  asymptotic  solutions  of  lineari2ed 
transient  ID,  2D  and  3D  boundary  problems  are  found.  Flow  structure  is  anal¬ 
ysed  in  detailes  for  diffusion  induced  currents  on  impermeable  perfect  shape 
surfaces  (inclined  plane  and  channel,  horizontal  cylinder,  sphere)  submerged  in 
a  rest  continuously  stratified  liquid.  Solutions  are  analytical  functions  of  the  all 
physical  parameters  of  the  problem  (gravity  acceleration,  buoyancy  frequency, 
viscosity  and  diffusion  coefficients).  These  solutions  are  matched  both  with  the 
known  exact  solutions  and  themselves  in  limit  cases.  The  asymptotic  solution 
of  the  starting  cylinder  problem  is  constructed.  Solutions  are  compared  with 
the  known  results  and  with  data  of  laboratory  experiments.  Extrapolation  of 
the  developed  models  on  the  description  of  the  environment  (the  atmosphere 
and  oceans  flows)  is  discussed. 


ON  TWO  DIMENSIONAL  APPROXIMATION  OF  THE  WIND- 
WAVE  INTERACTION  PARAMETER 
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An  ur  flow  of  arbitrary  direction  over  a  two  dimensional  monochromatic  wave 
surface  is  considered.  The  angle-frequency  dependence  of  the  wind-wave  in¬ 
teraction  parameter  is  studied.  The  research  is  carried  out  using  the  three 
dimensional  model  of  the  wave  boundary  layer.  The  interaction  parameter  0  is 
considered  as  a  function  of  two  arguments:  wave  component  frequency  w  and  an¬ 
gle  B  between  wave  and  wind  directions.  The  values  of  for  of  €  (0.033, 0.4)^/v« 
(p  —  gravity,  v.  friction  velocity)  and  B  ^  (0,ir)  are  computed  in  numerical 
experiments  with  the  wave  boundary  layer  model.  The  change  of  wind  direc¬ 
tion  with  respect  to  the  wave  phase  speed  direction  is  qualitatively  equivalent 
to  the  decrease  of  wave  frequency  and  the  increase  of  its  phase  speed.  When 
the  equivalent  phase  speed  coincides  with  the  wind  velocity  the  wind-wave  in¬ 
teraction  is  equal  to  zero.  Further  increase  of  the  angle  B  leads  to  the  case  when 
the  equivalent  wave  moves  faster  than  wind  and  the  wind-wave  interaction  pa¬ 
rameter  changes  its  sign.  The  Fourier  analysis  of  the  angular  dependence  of  ^ 
shows  that  only  the  first  three  Fourier  components  are  significant.  This  allows 
derivation  of  simple  approximate  formula  which  values  are  in  good  agreement 
with  computed  data. 


INVESTIGATION  OF  THE  VERTICAL  STRUCTURE  OF  THE 
FAR- WAKE  OF  A  SPHERE  IN  A  STRATIFIED  FLUID 
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We  focus  on  the  large-scale  structures  in  the  far-wake  of  a  sphere  {Nt  >  20), 
after  the  near-wake  has  collapsed  under  the  effects  of  stratification  and  the 
vortices  have  lc»t  their  vertical  velocity  component,  leading  to  quasi  two- 
dimensional  turbulence.  Two  techniques  were  used  to  study  the  vertical  evo¬ 
lution  of  the  horizontal  motions  at  F  =  0.4  (laminar  near-wake)  and  F  =  6 
(turbulent  near-wake):  particle  tracking  and  fluorescent-dye  visualization.  In 
both  techniques,  a  laser-sheet  was  used  to  vertically  scan  a  succession  of  hori¬ 
zontal  planes.  The  evolution  of  vorticity  in  the  vertical  direction  demonstrates 
that  the  vertical  diffusion  of  the  vorticity  is  similar  to  purely  viscous  diffusion. 
Moreover,  analysis  of  the  vertical  evolution  reveals  a  high  degree  of  vertical 
coherence  of  the  vortices  in  the  laminar  case.  However,  due  to  advection,  the 
vortices  are  slightly  inclined  with  respect  to  the  vertical  direction.  To  examine 
the  internal  structure  of  the  far-wake  vortices  we  also  measured  the  density  vari¬ 
ations  within  the  vortices.  Horizontal  as  well  as  vertical  density  profiles  were 
obtained  from  high  sensitivity  micro-conductivity  probe  measurements.  The 
results  reveal  a  three-dimensional  internal  structure  of  the  vortices.  Specifi¬ 
cally,  this  three-dimensional  structure  is  in  accord  with  a  model  to  explain  the 
equilibrium  of  the  "quasi  two-dimensional"  vortex  structures. 


CONVECTIVE  MOTION  DRIVEN  BY  LOCALIZED  SUDDEN  COOL¬ 
ING  OF  HEATING  EVENTS  ON  THE  SURFACE  OF  THE  SEA. 
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A  bidimensional,  non  rotating,  stochastic  model  for  deep  water  formation 
is  shown.  A  series  of  random,  localized,  sudden  cooling  or  heating  events  on 
the  surface  of  a  stationary  sea  is  stated.  Every  push  is  considered  as  an  infinite 
series  of  sp>eeching  linear  quadrupoles  of  wires,  localized  sources  of  vorticity. 

A  short  times  an^ytical  solution  is  presented  for  an  homogeneous,  stratified, 
unviscous,  viscous,  diffusive,  non  diffusive  model;  the  separate  effect  of  each  of 
these  components  (stratification,  viscosity,  diffusivity)  is  discussed,  if  N^,u,k 
are  given  functions  of  the  depth.  This  is  a  first  step  in  order  to  study  the  effect 
of  a  non  homogeneous,  stochastic  buoyancy  flux  on  a  non  rotating  sea. 
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Understanding  particle  advection  in  incompressible  laminar  fluid  flow,  apart 
from  being  of  theoretical  interest,  holds  much  relevance  for  technological  appli¬ 
cations.  Properties  of  emulsions,  dispersion  of  contaminants  in  the  atmosphere 
and  ocean,  sedimentation,  and  mixing,  are  just  a  few  examples.  Chaotic  advec- 
tion  is  the  complex  behaviour  a  passive  scalar  —  a  fluid  particle,  or  a  passively 
advected  quantity  such  as  temperature  or  concentration  of  a  second  tracer  fluid 
—  can  attain,  driven  by  the  Lagrangian  dynamics  of  the  flow.  The  surprise  is 
that  even  laminar  flow  at  low  l^ynolds  number  is  capable  of  producing  such 
complex  behaviour.  The  importance  of  chaotic  advection  lies  not  least  in  the 
enhancement  of  transport  it  produces.  In  this  respect,  one  can  single  out  the 
phenomenon  of  resonance-induced  dispersion  in  three-dimensional  laminar  flow 
for  special  attention.  Here  we  report  on  recent  theoretical  progress  in  the  un¬ 
derstanding  of  resonance-induced  dispersion  and  its  importance  for  mixing  and 
transport.  We  speculate  on  possible  applications  to  geophysical  flows. 


ON  THE  STATIONARY  SPECTRA  OF  WEAKLY 
NONLINEAR  INTERNAL  GRAVITY  WAVES  IN  2  AND  3 
DIMENSIONS 

P.  Caillol  and  V.  Zeitlin 

LMD,  BP  99,  University  P.  et  M.  Curie,  4,  pi.  Jussieu,  75252  Paris, 
France. 

The  weak  turbulence  approach  consists  in  using  perturbation  theory  in 
wave  amplitude  and  Gaussian  statistics  for  an  ensemble  of  weakly 
nonlinear  waves  in  order  to  get  a  kinetic  equation  for  the  wave 
amplitude  density.  We  apply  this  technique  to  the  internal  gravity 
waves  in  the  Boussinesq  approximation  and  generalize  the  earlier 
results  [1]  obtained  for  the  case  of  unidirectionally  propagating  plane 
waves.  Both  2d  case  of  planar  waves  and  3d  case  (the  Craya  -  Herring 
basis  is  used  in  this  latter  case)  are  studied.  The  essentially  anisotropic 
(in  vertical  and  horizontal  components  of  the  wavenumber) 
Kolmogorov  -  type  energy  spectra  are  found  from  the  stationary 
solutions  of  the  kinetic  equations.  These  spectra  may  provide  an 
alternative  explanation  of  the  ”-3”  spectra  in  vertical  wavenumber, 
widely  observed  in  the  atmosphere 
References 
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THE  LIFE  CYCLE  OF  A  STRATIFIED  SHEAR  LAYER 
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We  investigate  the  detailed  nature  of  the  “mixing  transition”  through  which 
intense  turbulence  may  develop  in  stratified  free  shear  layers.  We  explicitly 
quantify  the  time-evolving  irreversible  mixing  which  occurs  within  the  flow, 
which  requires  us  to  consider  in  detail  the  evolution  of  streamwise  vortical 
streaks,  which  develop  once  the  primary  Kelvin-Helmholtz  billow  saturates. 
Using  the  numerical  data  from  a  sequence  of  three-dimensional  simulations 
with  varying  stratification,  we  accurately  track  the  nonlinear  amplification  of 
these  intermediate  coherent  structures,  verifying  that  they  are  well-predicted 
by  secondary  stability  analysis,  and  are  due  to  a  convective  destabilization  of 
the  periphery  of  a  Kelvin-Helmholtz  billow.  At  all  times  we  calculate  the  mini¬ 
mal  potential  energy  of  the  system  accessible  by  (notional)  adiabatic  rearrange¬ 
ment  of  fluid  parcels,  and  so  quantify  continuously  the  irreversible  “mixing”. 
The  nonlinear  amplification  of  the  streamwise  vortices  is  driven  principally 
by  the  mean  shear.  Vortex  stretching  leads  eventually  to  a  violent  subcritical 
vortex-vortex  collision  which  drives  the  dominant  mixing  process  in  the  flow 
life  cycle.  An  appropriate  definition  of  the  “mixing  efficiency”  implies  that  the 
irreversible  small-scale  mixing  of  the  density  which  is  triggered  by  shear  layer 
transition  leads  inevitably  to  a  density  “staircase”,  with  regions  of  well-mixed 
fluid  separated  by  narrow  regions  of  relatively  strong  density  gradient. 
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fichlieren  devices,  dyeing,  density  markers,  probes  and  echosounder  are  used 
for  studying  of  a  3D  and  2D  stratified  wake  in  laminar,  vortex  and  turbulent 
regimes.  Effect  of  self  consistent  high  gradient  interfaces  on  wake  geometry  is 
studied  in  details.  Due  to  the  intensification  of  the  initially  weak  stratification 
(up  to  150  times  past  a  cylinder)  these  high  gradient  interfaces  determine  the 
flow  geometry,  instability,  and  transport  of  contaminants.  These  interfaces  form 
envelope  of  a  density  wake,  shell  of  vortices  and  on  soaring  discontinuities  inside 
internal  waves.  Soaring  interfaces  are  treated  as  internal  boundary  currents  in 
a  fluid  interior.  They  are  formed  due  to  separation  of  the  boundary  current 
and  interaction  of  large  scale  elements  of  motion.  Several  types  of  small  and 
large  scale  instabilities  are  identified.  Extended  classification  of  flow  regimes 
is  presented.  Besides  the  active  turbulence  the  "structural  turbulence”  when 
complicated  relief  of  isopicnes  is  formed  on  the  background  of  smooth  velocity 
profiles  is  observed.  Optical  and  acoustical  images  of  the  active  turbulence  in 
a  wake  are  different  and  mutually  compliment  each  other.  Description  of  the 
observed  flow  is  based  on  scaling  analysis  complete  set  of  equations  and  bound¬ 
ary  conditions.  Appropriate  ratios  of  five  basic  and  combined  scales  describe 
boundaries  on  the  flow  regimes  diagramm. 


OBSERVATIONS  OF  TURBULENCE  AND  MIXING  IN  CLOUDS 
AT  THE  CENTIMETER  SCALE 
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Airborne  measurements  of  turbulence  in  the  atmosphere  are  presently  limited 
to  scales  larger  than  a  few  meters  for  the  dynamics.  In  clouds,  droplets  can  be 
considered  as  tracers  of  the  fine  scale  motions  and  new  airborne  spectrometers 
provide  a  unique  way  of  analysing  turbulence  at  scale  as  small  as  a  centimeter. 
Such  processes  are  of  crucial  importance  for  the  evolution  of  the  droplet  spec¬ 
tra  and  the  onset  of  precipitation.  Various  numerical  studies  of  this  process 
have  been  conducted  with  direct  numerical  simulations  (DNS)  showing  that  the 
droplet  inertia  in  small  scale  vortices  should  generate  concentration  inhomo¬ 
geneities  much  more  significant  than  a  basic  droplet  random  distribution  should 
do.  The  consequences  are  strong  dispersion  in  the  droplet  spectra  and  an  in¬ 
creased  precipitation  efficiency  in  clouds.  Statistical  analysis  of  the  series  of 
droplets  counted  with  a  new  spectrometer  will  be  presented.  They  show  on  the 
contrary  that  the  droplets  seem  to  be  randomly  distributed  without  any  pref¬ 
erential  concentrations.  These  results  are  important  for  the  description  of  the 
coupling  between  turbulence  and  inertial  particles  at  large  Reynolds  numbers 
and  low  Stokes  numbers,  conditions  that  are  difficult  to  simulate  numerically. 
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We  present  computations  of  axisymmetric  eigenmodes  of  a  stably  stratified  ro¬ 
tating  spherical  shell.  The  spectrum  is  divided  into  four  classes  corresponding  to 
ellipsoidal  and  hyperboloidal  turning  surfaces.  A  spectral  band  of  regular  modes 
leading  to  smooth  structures  has  been  found  but  the  majority  of  modes  is  sin¬ 
gular  with  structures  featured  by  a  web  of  characteristics.  These  characteritics 
generated  by  an  Ekman  layer  singularity  reflect  both  on  the  turning  surfaces 
and  the  boundaries.  Many  of  these  patterns  are  space  filling  but  some  limit 
cycles  on  which  characteristics  are  attracted  can  be  found.  These  attractors 
are  the  best  candidates  to  transport  chemical  elements  or  angular  momentmn 
in  the  non  linear  regime.  The  discovery  of  geometrical  focusing  corresponding 
to  a  focusing  of  energy  towards  particular  comers  suggests  that  many  modes 
should  disappear  without  efficient  dissipative  process.  Asymptotic  behaviours 
at  weak  viscosity  are  then  discussed. 


MOLECULAR  DIFFUSION  OF  PASSIVE  ADMIXTURE  IN  STRAT¬ 
IFIED  FLOWS 
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Geophysicuts  have  long  been  aware  that  laminar  motions  are  markedly  affected 
on  the  molecnlar  transfer  of  tenq>erature  and  concesitiatioa  of  passive  species. 
Here  we  consider  the  influence  of  simple  streamline  flow  on  the  adnuxture 
diffusion.  The  concentration  of  pasnve  admixture  n(R,t)  it  governed  by  the 
well  known  equation 

^-t-<liiinv-DAn  =  «{R,t),  (1) 

where  D  is  the  molecular  diffhsivity,  v(R,t)  is  a  velocity  vector  which  mqy  be 
prescribed  arbitrarily,  t(R,t)  it  the  prescribed  distribution-function  of  admix- 
lure  lourcei.  Lei  Uf  wiume  tbet  v  if  *  ample  fottex  flow 

v  =  (a  +  ^s)xo.  (2) 

Here  a  and  ^  ace  cottaiites,Xo  is  the  unit  Vector  efx  axis.  The  general  sohition 
Bq.  (I)  mi^  be  expressed  by  means  of  some  generafiied  Airy  integral.  Some 
particidar  solutions  of  Bq.  (l)  with  v  Srom  (2)  are  considered  in  detail,  e.g. 
a  Green  function  of  Bq.  (1).  The  influence  of  ample  vortex  flow  (2)  on  the 
molecular  diffuaon  have  been  clarified  to  a  large  degree. 


THREE-DIMENSIONAL  STRUCTURE  OF  BREAKING 
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Flow  of  a  uniformly  stratified  fluid  over  a  mountain  leads  to  stationary  lee- 
waves.  For  sufficiently  high  mountains  the  lee-wave  situated  above  the  mountain 
becomes  gravitationally  unstable  and  breaks,  resulting  in  a  localized  turbulent 
zone.  The  ensuing  flow  is  characterized  by  a  considerable  increase  in  drag  and 
a  strong  acceleration  of  the  fluid  between  the  breaking  zone  and  the  mountain. 
To  examine  the  instability  leading  to  this  condition  and  the  resulting  new  flow 
configuration,  two-  and  three-dimensional  mountains  were  towed  in  linearly 
stratified  saline  solutions.  After  an  initial  steepening  period,  the  streamlines 
a^ciated  with  the  lee-wave  are  eventually  forced  to  overturn  into  an  S-shape. 
Clearly,  a  condition  of  static  instability  is  reached  in  this  region  of  the  flow.  Sur¬ 
prisingly,  the  instability  following  this  condition  is  strongly  three-dimensional, 
even  in  the  case  of  a  two-dimensional  mountain.  As  the  maximum  upstream 
deflection  of  the  streamlines  becomes  horizontal,  the  streamlines  deflect  simul¬ 
taneously  in  the  spanwise  direction.  A  short  time  after,  the  fluid  rolls-up  into 
toroidal  vortex  structures  with  significant  vorticity  components  in  all  three  co¬ 
ordinate  directions,  in  contrast  to  a  Kelvin-Helmholtz  toll-up.  Unlike  the  usual 
coherent  structures  found  in  a  stratified  environment,  the  characteristic  vertical 
scale  of  these  vortices  is  of  the  same  order  as  the  horizontal  scale. 
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Dispersion  of  trace  substances  in  the  turbulent  boundary  layer  of 
the  atmosphere  is  of  major  practical  interest  for  environmental  prob¬ 
lems.  Whereas  dispersion  in  homogenous  background  turbulence  is  well 
understood,  stable  stratification  adds  much  complexity  to  the  problem. 
This  is  not  only  due  to  unisotropy  of  stratified  turbulence  but  also  due 
to  effects  of  intermittency,  internal  waves,  inversion  layers  or  inertial 
oscillations  which  can  be  observed  in  the  atmospheric  boundary  layer. 
We  will  discuss  the  influence  of  these  effects  on  the  dispersion  of  trace 
substances  by  means  of  numerical  simulations  and  observations. 


FLUID  TRANSPORT  BY  COHERENT  VORTICES 
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(1)  Laboratoire  des  Ecoulements  G^ophysique  et  Industriels,  UJF-CNRS- 
INPG,  B.P.  53X,  F-38041  Grenoble  Cedex,  Fkance,  (2)  School  of  Mathematics, 
University  of  Bristol,  Bristol  United  Kingdom. 

Propagating  vortices  have  a  significant  impact  on  mixing  processes  in  the  ocean, 
in  coastal  regions,  the  surf  zone  as  well  as  large-scale  processes  in  the  atmo¬ 
sphere.  We  focus  on  the  drift  component  of  fluid  transport  by  an  isolated  vortex, 
and  demonstrate  that  this  is  the  dominant  contribution  to  fluid  transport.  The 
transport  properties  of  coherent  vortices  propagating  on  an  /-plane  are  studied 
experimentally  by  examining  the  distortion  of  a  series  of  dye-lines.  The  obser¬ 
vations  are  compared  with  a  model  based  on  characterizing  the  flow  around 
the  vortex  as  irrotational  flow  past  a  rigid  cylinder  of  volume  V.  For  a  dipolar 
vortex,  the  measurements  made  of  the  volume  of  fluid  permanently  displaced 
forward  agree  to  within  20%  of  that  predicted  by  Darwin’s  (1953)  proposition, 
namely  that  the  vortex  will  displace  a  volume  CmV  forward,  where  Cm  =  1 
for  a  Lamb's  dipole. 

On  the  ^plane  the  displaced  amount  of  fluid  acquires  relative  vorticity  which 
interacts  with  the  original  monopolar  or  dipolar  vortex  propagating  on  the  ^ 
plane.  Using  a  similar  approach  as  used  for  dipoles  on  an  f-plane,  estimates  for 
the  amount  of  generated  vorticity  are  made  for  these  vortices  moving  on  the 
^-plane.  The  results  are  applied  to  pve  new  insight  to  the  effect  of  vortices 
in  enhancing  diflusion,  and  the  secondary  flow  generated  by  the  transport  of 
ambient  potential  vorticity. 


A  NUMERICAL  STUDY  OF  3D  GRAVITY  WAVE 
BREAKING  OVER  A  2D  OROGRAPHY 

F.  GHEUSI  and  J.  Stein  (METEO-FRANCE,  CNRM/GMME/Relief, 
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Numerical  simulations  with  the  nonhydrostatic  anelastic  model  Meso- 
NH  are  carried  out  to  reproduce  an  experiment  in  a  hydraulic  tank, 
realized  in  CNRM  by  O.Eiff,  of  stratified  flow  past  a  2D  mountain  ridge 
generating  a  gravity  wave  breaking.  The  simulated  dynamics  is  very 
realistic  compared  to  the  observed  one.  Particularly,  we  study  why  the 
2D  breaking  is  unstable  with  respect  to  3D  disturbances,  leading  in  the 
breaking  zone  to  a  3D  turbulent  dynamics.  As  soon  as  quasi  stationnary 
turbulence  is  reached,  we  show  that  3D  eddies  have  aspect  ratios  about 
1  and  the  size  of  the  breaking  area,  whatever  the  shape  of  the  initial  3D 
disturbance.  We  study  this  3D  dynamics  with  a  spectral  method  ;  in 
the  case  of  harmonic  disturbances,  we  point  out  a  coherent  production 
of  harmonics  mainly  due  to  the  non  linear  term  of  tranverse  advection. 
We  conclude  that  this  3D  dynamics  is  featured  by  some  aspects  of  clas¬ 
sical  thermal  convection,  and  seems  to  evolve  quite  independently  from 
the  2D  wavy  dynamics,  as  soon  as  the  latter  has  produced  convective 
instability  in  the  breaking  area. 
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Different  numerical  schemes  for  advection  can  produce  significantly  different  re¬ 
sults  within  ocean  models.  Numerical  errors  are  particularly  large  where  either 
currents  are  under  resolved  or  features  in  the  advected  field  are  under  resolved. 
In  the  low  resolution  configurations  of  ocean  models  which  must  necessarily  be 
used  today  for  climate  study,  poor  resolution  is  inescapable.  Even  in  the  highest 
resolution  basin  scale  models  one  finds  that  certain  features  are  seriously  under 
resolved.  We  present  results  of  tests  of  advection  schemes  within  the  simple 
gyre  circulation  described  by  Stommel  (1948).  Within  this  time-independent 
gyre  the  behaviour  of  the  various  advection  schemes  is  clearly  evident,  unob¬ 
scured  by  other  processes.  Schemes  considered  include  most  of  those  used  in 
primitive  equation  ocean  models  today.  New  aspects  of  this  presentation  in¬ 
clude  an  improved  configuration  of  the  Stommel  Gyre  which  challenges  the 
multidimensional  performance  of  the  schemes,  and  the  use  of  a  closed  form  so¬ 
lution  which  has  been  derived  in  order  to  produce  the  exact  final  state  solution 
gainst  which  the  performance  of  the  numerical  schemes  is  measured. 
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The  description  of  mixing  and  reaction  of  species  in  stratified  tuibulent  flows  is  of 
considerable  practical  relevance.  Turbulent  muting  processes  determine,  e.g.,  the  onset 
of  the  algae  bloom,  which  is  a  remarkable  problem  in  the  North  Sea  region.  In  the 
atmosphere,  the  mixing  and  reaction  between  emitted  nitric  monoxide  and  background 
ozone  has,  e.g.,  a  considerable  influence  on  the  air  quality.  The  simulation  of  transport 
and  reaction  of  species  by  means  of  Lagrangian  PDF  methods  offers  essential 
advantages  over  Eulerian  approaches.  First,  Lagrangian  methods  are  able  to  describe 
important  processes  as  for  instance  chemical  reaction  without  approximations,  and  to 
simulate  turbulent  mixing  processes  without  ad  hoc  assumptions  on  entrainment. 
Second,  the  structure  of  Aese  codes  is  extremely  simple,  and  the  number  of 
independent  variables  may  be  considerably  smaller  than  in  Eulerian  closure  methods. 
These  advantages  of  Lagrangian  PDF  methods  will  be  described  and  illustrated. 
Examples  are  considered  related  to  buoyant  flows  and  the  ozone  chemistry  in  the 
atmospheric  boundary  layer.  Additionally,  the  results  of  some  fust  applications  of 
these  methods  to  the  algae  bloom  problem  are  shown.  In  particular,  it  is  demonstrated 
that  these  methods  ate  well  suM  to  describe  the  strong  variations  of  the  mixing 
intensity  in  different  stratified  turbulent  flows. 


INERTIA-GRAVITY  WAVES  IN  THE  LOWER  STRATOSPHERE: 
OBSERVATIONS  AND  RAY-TRACING 
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In  1994,  a  wind  lidar  was  installed  at  the  Observatory  of  Haute-Provence  (south 
of  France)  by  the  Service  d’A6ronomie.  Specially  designed  for  the  study  of 
mesoscale  dynamics  in  the  upper-troposphere  lower-stratosphere  region,  the 
lidar  provided  regular  data  since  this  time.  One  of  the  most  striking  feature  of 
these  observations  is  the  quite  continuous  presence  of  inertia  (low-frequency) 
gravity  waves  with  amplitudes  which  can  reach  up  to  10  ms“*.  Such  waves 
may  induce  large  isentropic  displacements  due  to  their  low-frequency  and  high 
amplitudes  and  then  be  a  source  of  stratospheric-tropospheric  exchange. 

In  order  to  determine  the  mechanism  which  could  generate  those  waves,  a  3D 
model  of  ray-tracing  for  inertia  gravity  waves  was  developped,  which  take  into 
account  the  different  characteristics  of  tropopause  disturbed  situations  (non- 
stationarity,  strong  wind  gradients).  Backward  simulations  were  made  with 
atmospheric  fields  coming  from  the  ECMWF  T-106  model  and  wave  spectral 
parameters  estimated  on  the  lidar  data. 

The  simulations  show  a  preferred  backward  propagation  to  tropospheric  jet  exit 
region  on  the  west  flank  of  cut-offs  low,  which  result  from  baroclinic  activity  in 
the  upper-troposphere.  In  those  regions,  the  flow  is  strongly  ageostrophic  and 
may  excite  inertia-gravity  waves  through  geostrophic  adjustment. 
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We  study  transport  and  mixing  in  the  midlatitude  ocean’s  wind-driven  cir¬ 
culation,  using  a  3-layer  eddy-resolving  quasi-geostrophic  model.  By  applying 
dynamical  systems  theory,  mixing  processes  across  the  eastward  jet  between  the 
ocean’s  cyclonic  and  anticyclonic  gyre  can  be  geometrically  represented  as  the 
Lagrangian  dynamics  of  the  invariant  manifolds  that  dehne  the  boundary  be¬ 
tween  them;  mixing  rate  is  computed  explicitly.  Our  techniques  are  also  applied 
to  examine  regional  mixing  processes  within  each  gyre,  i.e.,  transport  between 
distinct  recirculation  cells.  We  also  consider  the  role  that  mesoscale  eddies,  so- 
called  rings,  play  in  the  inter-gyre  and  regional  mixing  processes.  Finally,  these 
components  are  combined  to  understand  basin-scale  mixing  processes  with  em¬ 
phasis  on  the  connection  between  the  wind-driven  ocean’s  variability  and  the 
mixing  processes. 


TRANSPORT  ASSOCIATED  WITH  INTERNAL  WAVE  REFLEC¬ 
TION  AT  A  SLOPING  BOUNDARY 
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Recent  oceanic  observations  indicate  enhanced  diapycnal  dissipation  rates  in 
the  vicinity  of  bottom  topography  (e.g.  Toole,  Schmitt  and  Polzin,  1997).  High 
levels  of  mixing  and  dissipation  have  also  been  noted  in  observations  of  inter¬ 
nal  waves  incident  upon  the  ocean  floor,  (Eriksen,  1982, 1985).  When  incident 
waves  propagate  in  an  oblique  (  non-normal)  plane,  a  mean  flow  will  be  gen¬ 
erated  in  the  cross-slope  direction.  We  investigate  the  phenomenon  of  internal 
wave  breakdown,  the  characteristics  of  the  generated  mean  flow  and  the  re¬ 
sulting  transport  by  means  of  high-resolution,  3-D  numerical  simulations.  In 
particular,  we  examine  the  role  of  wave  frequency,  intensity  and  direction  of 
propagation  in  the  breakdown  process  for  a  variety  of  slope  angles.  The  effect 
of  the  earth’s  rotation  is  also  considered. 

This  study  extends  the  results  of  Slinn  and  Riley  (1996, 1997)  and  constitutes 
the  first  attempt  at  numerically  simulating  the  incidence  of  oblique  waves  on 
sloping  boundaries. 


SUPPRESSION  OF  VERTICAL  DIFFUSION  IN  STABLY  STRAT¬ 
IFIED  TURBULENCE 
Y.  Kaneda  (1)  and  T.  Ishida  (2) 

(1)  School  of  Engineering,  Nagoya  University,  Nagoya  464-01,  Japan,  (2)  Mit¬ 
subishi  Electric  Co.,  Ojika  3-18-1,  Shizuoka  422,  Japan. 
kanadaCcse . nagoya-u .ac.jp 

A  simple  spectral  approximation  which  may  explain  a  mechanism  of  the  sup¬ 
pression  of  the  vertical  turbulent  diffusion  of  passive  scalar  in  stably  stratified 
turbulence  is  presented. 

For  strongly  stratified  turbulence,  the  turbulent  velocity  field  is  well  approx¬ 
imated  by  a  collection  of  Fourier  modes  (waves)  each  of  which  has  its  own 
frequency  depending  on  the  direction  of  the  wavevector.  The  proposed  ap¬ 
proximation  suggests  that  the  phase  mixing  among  the  Fourier  modes  having 
different  frequencies  causes  the  decay  of  the  Lagrangian  two-time  velocity  auto¬ 
correlation  that  determines  the  vertical  diffusion,  and  this  mixing  results  in  the 
suppression  of  single  particle  diffusion  in  the  vertical  direction.  The  suppres¬ 
sion  can  occur  in  the  absence  of  strong  horizontal  turbulent  mixing  and  the 
reduction  of  the  magnitude  of  the  vertical  velocity  component. 

The  approximation  is  free  from  any  ad-hoc  adjusting  parameter  and  shows  that 
the  suppression  depends  on  the  spectra  of  the  velocity  and  fluctuating  density 
fields.  It  is  in  good  agreement  with  direct  numerical  simulations  for  strongly 
stratified  turbulence. 


EXPERIMENTAL  STUDY  OF  LATERAL  DOUBLE  DIFFUSIVE 

CONVECTION 

Vladimir  V.  Levitskiy 

Institute  for  Problems  in  Mechanics  HAS,  101  prospect  Vernadskogo,  Moscow, 
117526,  Russia. 

laTitskiOipmnst.ru/Fax:  [7]  095  938  2048 

Formation  of  convective  current  is  invratigated  by  optical  (schlieren-  and  dye¬ 
ing)  and  probes  methods.  Affects  of  sloping  heat  front  and  iiutial  density  gra¬ 
dient  value  on  the  rate  of  the  formation  and  scales  are  studied.  The  basic  struc¬ 
ture  elements  of  convection  (split  boundary  current,  cells,  heat  front,  dissipative 
gravity  waves)  are  studied.  The  pattern  of  the  diffusion  induced  boundary  cur¬ 
rent  on  a  sloping  plane-  is  visuidised.  Mean  height  of  the  cells  correlates  with 
the  natural  scale  of  the  adiabatic  ascent  of  heating  liquid  element.  The  propor¬ 
tional  coefficient  value  is  measured  under  different  sloping  angles  of  the  heater. 
Rate  of  the  structure  formation  is  a  nonmonotonic  function  of  the  heat  front 
inclination  angle.  With  increasing  of  a  buoyancy  period  process  is  delayed.  The 
firont  velocity  weakly  depends  on  external  parameters  of  the  problem.  Right  of 
dissipative  gravity  waves  is  defined.  Experimental  data  are  compared  with  re¬ 
sults  of  Lie  groups  and  asymptotic  treating  of  the  problem.  An  extrapolation  of 
results  on  natural  conditions  and  comparisons  with  observations  in  atmosphere, 
ocean  and  some  technological  processes  are  conducted. 


RESEARCH  OF  DISINEGRATION  OF  INTERNAL  WAVES 

S.  Kshevetskiy  Kaliningrad  State  University  E-mail;  Sergeyks@theor.phys.ksu.kem.m 

The  propagation  of  nonlinear  internal  gravity  waves  in  stratified  gas  is  investigated. 
The  model  is  two-dimensional.  Analytical  models  show  that  internal  waves  can 
disintegrate  into  solitary  waves  of  well  smaller  scales.  The  waves  formed  are  eddies  in 
essence.  The  sizes  of  formed  waves  can  be  extremely  small.  It  depends  on  an  initial 
wave  form  and  on  a  stratification.  It  is  possible  to  interpret  these  processes  as  mixing. 
The  analytical  outcomes  are  not  quite  strictly  proved  yet  They  require  independent 
confirmation.  Besides,  it  is  interesting  to  simulate  wave  disintegration  with  the  help  of 
direct  integration  of  hydrodynamic  equations.  The  special  numerical  model  using 
hydrodynamic  equations,  is  developed.  The  outcomes  of  numerical  simulation  are 
compared  to  analytical  ones.  The  satisfrtetory  coincidence  of  analytical  and  numerical 
outcomes  is  revealed. 


ANELASTIC  MIXING:  TRANSPORT  BY  WEAKLY  COMPRESS¬ 
IBLE  FLOW 
Richard  M.  McLaughlin 

Department  of  Mathematics,  University  of  Utah,  Salt  Lake  City,  Utah,  M112, 
USA. 

rBD6aath.utah.edu/Eax:  [-hi]  801-581-4148 

Many  studies  to  date  have  fi>cused  upon  the  turbulent  diffiiskm  of  a  passive 
scalar  in  the  presence  of  an  incompresrible  fluid  flow.  This  is  quite  natural  as  a 
means  for  understanding  mixing  in  turbulent  environments  fiv  which  the  fluid 
in  question  satisfies  a  zero  divergence  constraint.  However,  tar  many  plqrsical 
envirorunents,  the  fluid  densi^  is  not  constant,  and  may  adndt  a  non-trivial 
adiabatic  steady-state  density  profile  leading  to  non-zero  flow  divergence  con¬ 
straints.  Such  is  the  case  when  considering  the  atmosphere  over  moderately 
large  vertical  scales. 

Here,  we  discuss  a  simplified  model  aimed  at  describing  fluid  flow  in  the  pres¬ 
ence  of  large-scale  density  variation.  We  then  derive  effective  ecpiarions  gov¬ 
erning  the  large-scale,  long-time  renormalized  dynamics  of  a  pasrive  tracer  dif- 
fiising  in  the  presence  of  this  weakly  compressible  fluid  flow.  We  compare  the 
predictions  of  this  theory  with  the  analogous  theory  of  homogenized  enhanced 
diffusivities  for  the  constant  density  case  and  demonstrate  some  intoesting  dif¬ 
ferences  in  the  effective  bulk  transport  of  the  scalar  quantity  qtedfically  due  to 
the  combined  effects  of  the  variable  density  profile  and  small-s^e  fluid  motion. 
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EXPERIMENTAL  STUDY  OF  INTERNAL  SOLITARY  WAVES 
BREAKING  ON  A  SLOPE 

H.  MicfaaUet  (1)  and  G.  N.  Ivey  (2) 

(1)  LEGI,  Grenoble,  (2)  Centre  for  Water  Research,  UWA 
michalle@hmg.inpg.fr 

Long  internal  waves,  primarily  generated  by  tides  in  the  ocean,  propagate  on 
the  thermocline  into  the  continental  margins  and  coastal  zones.  In  lakes  such 
waves  are  generated  in  response  to  strong  wind  events  and  are  an  important 
means  of  energy  transfer  from  large  scales  down  to  small. 

The  shoaling  and  breaking  of  an  internal  solitary  wave  of  depression  were  ex¬ 
perimentally  studied.  The  waves  were  generated  with  as  large  an  amplitude  as 
possible  in  order  to  maximize  the  amount  of  energy  involved  in  the  experiment. 
Various  bottom  slopes,  thickness  ratios  and  density  ratios  were  investigated. 
The  mechanism  leading  to  breaking  is  examined  with  the  support  of  pho¬ 
tographs  and  a  PIV  technique.  Since  the  layer  thickness  ratio  primarily  controls 
the  length  (Lw)  of  the  solitary  wave  (for  a  given  amplitude  a),  it  is  found  that 
the  ratio  of  Lw  over  the  length  of  the  slope  determines  the  amount  of  energy 
reflected  from  the  slope.  The  estimation  of  the  increase  of  the  potential  energy 
allows  us  to  compute  the  mixing  efliciency  of  the  breaking  event. 


INTERACTION  OF  WAVE-LIKE  DISTURBANCES  WITH  HE¬ 
LICAL  TURBULENCE  IN  STABLY  STRATIFIED  PLANETARY 
BOUNDER  LAYER 

S.  S.  Moiseev  and  V.  G.  Pungin 

Space  Research  Institute,  117810  Moscow,  Russia. 

pungin0nx.iki.rs8l.ru/Fax:  [7-09S]  310  7023 

Interaction  of  wave-like  disturbances  with  helical  turbulence  in  planetary 
boundary  layer  is  studied  theoretically  for  the  case  when  vertical  shear  of  mean 
gradient  wind  is  sufficient  to  reach  near-threshold  value  of  gradient  Richard¬ 
son  number  based  on  this  shear  and  on  the  buoyancy  frequency  determined  by 
mean  density  stratification.  It  is  shown  that  in  this  case  small-scale  helical  tur¬ 
bulence  in  the  boundary  layer  can  cause  instability  of  wave-like  structures  with 
vertical  scales  intermediate  between  those  of  turbulent  vortices  and  thickness  of 
the  boundary  layer  and  with  much  larger  horisontal  scales.  In  their  turn  these 
structures  can  enhance  the  turbulence  leading  to  the  process  of  helical  wave- 
turbulent  instability.  Such  a  process  may  take  place  in  the  region  of  large  ho- 
risontal  pressure  gradients  around  developing  tropical  cyclones.  The  work  was 
partially  supported  by  INTAS  under  grant  93-1194-ext.  and  by  RFBR  under 
grant  96-02-19506. 


CLIMATOLOGY  OF  INTERNAL  GRAVITY  WAVES  IN  A  STA¬ 
BLY  STRATIFIED  ATMOSPHERIC  BOUNDARY  LAYER 

J.M.  R^  (1),  J.C.W.  Price  (1),  P.S.  Anderson  (2)  and  J.C.  King  (2) 

(1)  University  of  Sheffield,  (2)  British  Antarctic  Survey,  Cambridge 
j.rees@sheffield.ac.uk/F8x;  -1-43-114-3759 

Internal  gravity  waves  transport  energy  and  momentum  in  the  atmospheric 
boundary  layer.  Under  stable  conditions  they  can  significantly  influence  the 
dispersion  of  pollutants.  Thus  it  is  of  interest  to  investigate  their  properties 
and  the  conditions  under  which  they  occur.  Throughout  1991,  the  British 
Antarctic  Survey  made  an  extensive  set  of  boundary  layer  observations  from 
their  research  base  at  Halley,  which  is  situated  on  the  Brunt  Ice  Shelf,  Antarc¬ 
tica.  Wave-like  fluctuations  were  frequently  detected.  Since  gravity  waves  at 
the  surface  are  most  readily  detected  via  pressure  measurements,  an  array  of  six 
microbarographs  was  designed  specifically  to  operate  under  the  extreme  clima¬ 
tological  conditions  prevalent  in  the  Antarctic.  Microbarograph  observations 
were  supplemented  with  measurements  from  an  instrumented  32m  meterolog- 
ical  mast.  A  beamsteering  technique  was  used  to  determine  wave  parameters 
from  the  microbarograph  data.  A  climatology  for  the  gravity  waves  will  be 
presented.  Such  information  is  central  to  the  evaluation  of  the  statistical  influ¬ 
ence  of  gravity  waves  on  boundary  layer  dynamics. 


STATISTICAL  ANALYSIS  OF  THE  SURFACE  CIRCULATION  IN  THE 
ALGERUN  CURRENT  USING  ARGOS  BUOYS 

Jos6  Salas.  Emilio  Garcia-Ladona  and  Jordi  Font 
Institute  de  Ciencias  del  Mar,  CSIC,  Barcelona,  Spain. 
psalas@icm.csic.es  /Fax:  -t34  3  221 73  40 

A  kinematic  description  of  the  surface  circulation  in  the  Algerian  Current  is 
presented  using  the  statistics  of  3  months  of  trajectories  of  17  satellite-tracked 
drifters.  The  drifters  were  released  upstream  and  across  a  coastal  meander,  between 
0°  and  1°  E  of  longitude.  They  traveled  eastward  with  an  average  speed  of  9-10  cm/s 
along  the  Algerian  coast  through  an  inhomogeneous  field  of  mesoscale  eddies  (20 
cm/s  average  fluctuation  speed).  The  Lagrangian  time  scales  are  Tu,  Tv=2.63,  1.44 
days  and  Lagrangian  space  scales  Lu,  Lv=48,  23  km.  The  computation  of  single 
particles  dispersion  is  used  to  prove  the  validity  of  the  theory  of  diffusion  by 
homogeneous  random  motion  (Taylor's,  theory)  to  describe  these  dispersive  motions. 


MIXING  IN  A  STABLY  STRATIFIED  SHEAR  LAYER 
C.  Staquet  (1),  C.  Koudella  (2)  and  K.B.  Winters  (3) 

(1)  Laboratoire  des  Ecoulements  Gfrrphysiques  et  Industriels,  BP  53,  38041 
Grenoble  cdx  9,  France,  (2)  Laboratoire  de  Physique,  ENS  Lyon,  46  allee 
d’ltalie,  69364  Lyon  cdx  07,  France,  (3)  Center  for  Water  Research,  Univer¬ 
sity  of  Western  Australia,  Perth,  Australia. 

We  have  investigated  the  mixing  properties  of  si  stably  stratified  shear  layer  in 
two  and  three  dimensions,  using  a  new  analysis  of  mixing.  Previous  analysis  of 
mixing  rely  upon  the  advective  flux  of  density,  whereof  oscillations  are  filtered 
out  by  a  temporal  average  in  order  to  get  the  irreversible  contribution  associ¬ 
ated  with  mixing.  The  new  analysis  we  employ  is  based  instead  upon  the  direct 
computation  of  the  diffusive  flux  of  density.  . 

We  shall  show  that,  when  the  dynamics  are  strongly  nonlinear,  only  the  novel 
analysis  is  able  to  provide  estimates  of  mixing  efficiency.  When  the  vertical 
scales  of  the  flow  collapse  and  a  weakly  nonlinear  regime  is  reached,  predictions 
by  the  analysis  based  upon  the  advective  flux  become  possible  and  coincide  with 
those  by  the  new  analysis.  The  link  between  mixing  and  the  flow  dynamics  is 
quantified  by  a  normalized  turbulent  diffusivity  as  a  function  of  a  FToude  or 
a  Richardson  number.  We  shall  show  that  the  same  law  is  obtained  whether 
breaking  waves  or  a  stably  stratified  shear  layer  are  considered,  and  this  is 
consistent  with  the  latter  flow  being  a  local  physical  model  of  the  former.  This 
result  has  important  implication  as  regards  to  puameterization  of  small  scales 
in  large  scale  geophysical  models. 


EFFECTS  OF  DlRECnONAL  SHEAR  WIND  ON  GRAVITY 
WAVE  DRAG 

Maria  Antdnia  Valente  (Department  of  Meteorology,  University  of  Reading,  Earley 
Gate,  PO  Box  243,  RG6  6BB  Reading,  UK;  e-mail;  antonia@met.reading.ac.uk) 

A  mesoscale  3D  non-hydrostatic,  non-linear  model  (NH3D)  was  used  to  investigate 
the  effects  of  directional  shear  wind  on  orographic  waves.  Parametrizations  of 
Gravity  Wave  Drag  (GWD)  do  not  take  into  account  the  turning  of  the  wind  with 
height,  which  can  be  greater  than  120°  in  the  very  stably  stratified  Antarctic 
boundary  layer  during  winter.  Our  numerical  simulations  with  idealised  orography 
and  wind  profiles  have  revealed  that  diis  effect  can  be  relevant  in  several  situations. 
When  wave  breaking  occurs  in  directionally  sheared  flows,  it  is  ^ead  in  the 
directions  spanned  1^  the  wind,  and  extreme  high  drag  states  ate  moderated.  On 
the  other  hand,  with  Erectional  shear,  transitions  to  low  drag  states  are  delayed  and 
time  variations  of  the  surface  drag  are  smaller.  For  flows  with  Ftoude  numter  Fr  = 
{//A/A  >!((/-  wind  magnitude.  A/  -  stability,  A  -  mountain  height)  or  slightly 
greater,  directional  shear  induces  higher  drag  states  than  unsheared  wind  profiles. 
The  numerical  results  also  show  that  the  magnitude  of  the  surface  drag  decreases 
when  the  depth  of  the  directionally  sheared  layer  increases.  This  result  is  specially 
relevant  in  Ae  Antarctic,  where  the  depA  of  the  sheared  layer  is  of  order  SOOm.  A 
comparison  between  Aese  numerical  results  and  linear  theory  will  be  presented  . 
Our  results  indicate  Aat  directional  Aear  effects  Aould  be  included  in  GWD 
Antarctic  parametrizations. 
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STABItlTY  AND  ROLtOVBR  IN  DOUBLE  DIFFUSIVE  SYS¬ 
TEMS 

W.B.Zimmormao  and  F.J.Rjunaay 

Department  of  Cliemlcal  Engineering,  UMIST,  SackvUle  Street.  Mancheeter, 
M60  IQP,  U.K.. 

Double  diffusive  aystems,  by  which  we  mean  bodies  of  moving  or  stationary 
fluid  subject  to  temperature  and  concentration  gradlenta,  occur  In  both  natural 
and  man-made  systems,  such  as  the  oceans  and  liquid  natural  gas  storage 
respectively.  Associated  with  double  diffusive  systems  is  the  phenomenon  of 
rollover,  In  which  two  adjacent  layers  of  liquid  become  equal  In  density  and 
mix  rapidly,  potentially  causing  a  release  of  vapour  pressure  from  the  lower 
layer.  A  double  domain  spectral  Chebyshev  code  has  been  written  to  siihulate 
the  convective  flow  of  a  fluid  in  a  finito  domain  approaching  rollover.  The 
initial  stable  state  is  a  fluid  layer  of  low  apedcs  concentration  overlying  a  layer 
of  greater  concentration.  The  body  of  fluid  is  subject  to  heating  both  from  the 
side  and  the  base.  Cooling  ocairs  at  the  top.  Event  ually  the  densities  of  the 
layers  become  equal  and  rollover  occurs.  Various  temperature  Rayleigh  numbers 
are  considered,  and  the  simulations  take  place  within  the  laminar  regime. 
Within  such  convective  systems  ate  regions  of  shear,  which  can  be  simply  re¬ 
garded  as  stably  stratified  double  dlffurive  Couette  flow.  Wc  have  obtained 
neutral  stability  curves  for  the  linear  theory  of  such  flows.  Centre  manifold 
theory  and  two  time  scales  have  been  used,  in  conjunction  with  the  vertical 
modes  of  the  linear  theory,  to  derive  a  wave  evolution  equation  in  the  sheared 
IsqKr. 


NP3  Transport  and  mixing  in  geophysical  flows 

Convener:  Legras,  B. 

02  Turbulence  and  mixing  in  geophysical  flows, 
effects  of  stratifleation  and  rotation,  convection, 
effect  of  coherent  structures,  Lagrangian  chaos 

Convener:  Redondo,  J.M. 


THREE-DIMENSIONAL  INSTABILITY  OF  ANTICYCLONIC 
BAROTROPIC  VORTICES  IN  A  ROTATING  FLUID:  LABORA¬ 
TORY  EXPERIMENTS 
Ya.D. Afanasyev  and  W.R.Peltier 

Department  of  Physics,  University  of  Toronto,  Toronto,  ON,  Canada  M5S  1A7. 

Ambient  rotation  can  be  a  crucial  factor  for  development  of  instability  of  small 
and  meso-scale  vortices  in  the  oceans  and  atmosphere  and  the  subsequent  tran¬ 
sition  to  turbulence.  New  results  from  a  sequence  of  especially  designed  labora¬ 
tory  experiments  that  focus  on  the  instability  of  swirling  anticyclonic  flow  will 
be  presented.  The  flow  is  created  by  a  cylinder  rotating  in  a  fluid  which  is  itself 
initially  in  a  state  of  solid-body  rotation.  The  experiments  demonstrate  that 
secondary  motions  with  a  well  defined  wave  number  appear  in  an  annular  region 
surrounding  the  cylinder  and  are  governed  by  the  process  of  three-dimensional 
centrifugal  instability.  The  evolution  of  the  secondary  motions  gives  rise  to 
the  appearence  of  tertiary  motions  -  which  are  Kelvin-Helmholtz  like  vortices 
that  develop  at  the  periphery  of  the  annulus,  thus  creating  a  complex  three- 
dimensional  structure  in  the  unstable  flow.  If  the  rotating  cylinder  is  withdrawn 
vertically  from  the  fluid,  the  instability  rapidly  destroys  the  core  of  the  vortex 
in  a  way  that  is  consistent  with  the  behaviour  of  unstable  vortices  observed  in 
previous  laboratory  experiments  by  Kloosterziel  and  van  Heijst  (J. Fluid  Mech., 
223, 1992).  The  results  of  the  experiments  will  be  compared  with  the  results  of 
recent  numerical  stability  analyses  by  Smyth  and  Peltier  (J.Fluid  Mech.,  265, 
1994)  and  Potylitsin  and  Peltier  (J.Fluid  Mech.,  in  press,  1997). 


NONGAUSSIAN  PROBABILITY  DENSITY  FUNCTIONS  OF 
SMALL-SCALE  FLUCTUATIONS  IN  THE  STABLY  STRATIFIED 
ATMOSPHERE 
J.-R.  Alisse  and  C.  Sidi 

Service  d’Aeronomie  du  CNRS  Fort  de  Verrieres  BP  3  91371  Verrieres-le- 
Buisson  France. 

alissa0aerov.ju8sieu.fr/Fax:  33(0)1  69  20  29  99 

We  present  experimental  results  about  the  probability  density  functions  (PDFs) 
of  temperature  and  horizontal  velocity  small-scale  fluctuations  in  the  stably 
stratified  atmosphere  using  a  data  set  composed  of  vertical  profiles  of  energetic 
atmospheric  variables  obtained  by  a  balloon-borne  instrumentation.  Vertical 
profiles  of  temperature  and  velocities  small-scale  fluctuations  in  the  stable,  free 
atmosphere  usually  show  a  characteristic  pattern  of  strong  signal  amplitude 
regions  alternating  with  quite  calm  areas.  Within  strong  signal  amplitude  re¬ 
gions,  energy  spectra  versus  vertical  wavenumber  m  often  scale  like  m'®/^in 
the  metric  wavelengths  band,  thus  suggesting  a  turbulent  inertial  subrange,  o  la 
Kolmogorov.  Somehow  less  known  is  the  fact  that  in  the  free  atmosphere,  calm 
areas  show  energy  spectra  scaling  like  m*®,  down  to  the  instrumental  noise 
level.  We  consider  fluctuations  in  the  spectral  band  [2m  -  20m].  We  then  show 
that,  for  horizontal  velocity,  a  same  PDF  shape  of  normalized  fluctuations  is 
associated  with  a  given  dynamical  regime  (turbulent  or  calm),  but  differs  from 
the  shape  of  the  PDFs  of  fluctuations  in  the  other  regime.  For  temperature,  a 
same  shape  of  PDF  is  obtained  for  both  regimes.  All  those  PDFs  are  nongaus- 
sian,  with  tails  scaling  like  exp"^l*l',  c  ~  1. 


MIXING  LAYERS  IN  NATURE  STREAMS. 

Anisimova  E.P.,  Speranskaya  A.A.  (Physical  Dqtarbnant  of  Moscow  Stale 
Univeisi^,  Vorob’yevy  Gory,  1 19899  Moscow,  Russia,  tel.  939  16  77). 

Dolgopolova  E.N.  (Water  Problems  Institute,  Russian  Academy  of  Sciences, 
Novaya  Basmaniu^  10,  Box  231, 107078  Moscow,  Russia,  endoIl^wapr.msk.8u 

Period  of  coherent  oscillations  of  velodty  field  in  plane  mixing  Ig^is  in’nature 
streams  is  investigated.  Two  difierent  mixing  layers  are  considered:  (i)  at  the  lower 
surface  of  the  ice-covered  flow  in  the  Lake  Baykal  which  is  induced  by  the 
overflowing  Angara  River  (u=6ni/s)  and  (ii)  the  flow  behind  the  bottom  sand  wave 
in  the  River  Polomet  (h=0.4m,  B=25  m).  Since  the  m^  velocity  profiles  of  the 
mixing  layers  (i)  and  (ii)  have  the  inflection  point,  the  flows  in  th^  layers  are 
hydnxfyn^caiy  unstable.  The  quasi-periodit^  character  of  the  mixing  Isjet  is 
accompanied  by  generation  of  coherent  voitex  structures.  The  period  of  oscillation 
of  mixing  layer  is  calculated  in  a  model  of  the  plane  mixing  h^er  by  solving 
pibbabilily  averaged  Navier-Stokes  equation.  The  t^  viscosity  which  is  the  sum 
of  tuibulent  and  molecular  viscosity,  the  pressure  gradient  and  the  initial  velocity 
ware  assumed  to  be  constant  and  solution  of  the  N-S  eq.  was  obtained.  The 
calculated  profiles  of  mean  velocity  are  in  good  coneqnndence  with  the  measured 
ones.  The  analysis  of  this  solution  shows  that  the  product  of  the  dimensionless 
period  and  the  total  viscosity  is  constant.  This  foct  is  used  to  calculate  the  period  of 
oscillation  of  the  mixing  layer.  The  result  of  calculations  for  the  oscillation  period 
of  the  mixing  layer  in  the  flow  (U)  was  shown  to  be  in  good  agreement  with  the 
value  obtained  by  measuring  of  spectrum  fimetions  of  velocity  fluctuations. 
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AN  EVALUATION  OF  THE  ASYMMETRY  OF  TURBULENCE 
IN  THE  ATMOSPHERIC  BOUNDARY  LAYER 
M.  Bagliani 

Meteorologisches  Institut,  Universitat  Hamburg,  BundestraBe  55,  20146  Ham¬ 
burg,  Germany. 

The  aim  of  this  work  is  the  definition  of  some  mathematical  tools  for  the  evalua¬ 
tion  of  the  spectral  and  spatial  asymmetries  present  in  atmospheric  turbulence. 
To  this  purpose,  using  the  non  local  formalism  of  Transilient  Turbulence  The¬ 
ory,  five  indicators  of  asymmetry  are  introduced.  They  are  able  to  quantify  the 
global  amount  and  the  configuration  of  the  asymmetry  between  the  spectral 
composition  of  upward  and  downward  motions. 

A  conservation  property  is  demonstrated,  that  allows  one  to  calculate,  in  the 
framework  of  Transilient  Turbulence  Theory,  a  basic  state  of  turbulence  that 
does  not  depend  on  the  symmetry  properties  of  the  configuration  but  only  on 
the  total  amount  of  turbulence.  This  invariant  is  used  to  normalize  in  a  coherent 
way  the  indices  of  asymmetry  here  proposed. 

These  indicators  are  applied  with  good  results  to  ideal  test  cases  and  to  tran¬ 
silient  matrices  obtained  with  Large-Eddy  Simulations  by  Ebert,  Schumann 
and  Stull  for  convective  and  neutral  Atmospheric  Boundary  Layer. 


STRONG  TURBULENCE  AT  AN  AHLWATER  INTERFACE. 

M.  Brocchinl  (btituto  di  Idraulica,  A^a  Montallegro  1,  Universitd  di  Genova, 
Genova  16145,  Italy) 

Building  on  the  work  of  Brocchinl  k  Peregrine  (Proc.  Conf.  on  Wind-over- Wave 
Couplings:  Perspectives  and  Prospects,  Inst.  Maths,  and  its  Applic.  Salford, 
Oxford  Unlv.  Press  ,  1997)  interactions  of  strong  turbulence  with  an  air-water 
interface  are  analysed.  These  can  be  particularly  relevant  to  predict  momen¬ 
tum  and  heat  fluxes  across  the  sea  free-surfoce.  This  is  particularly  true  when 
turbulence  is  so  strong  to  lead  to  the  ‘splashing’  regime  characterise  by  violent 
mixing  of  gas  and  liquid.  A  range  of  flow  regimes  is  inspected  to  derive  a  proper 
scale-dependent  description  of  the  interactions.  Increasing  turbulent  intensity 
leads  from  a  smooth  surfoce  first  to  a  rippled  surface  then  clearly  developed 
micro-breaking.  Rjrther  increases  in  turbulent  intensity  lead  to  air  entrainment 
and  drop  formation  {dving  a  bubbly  flow;  eventually  highly  energetic  turbulence 
leads  to  a  splashing  regime.  A  common,  yet  poorly  studied,  flow  regime  is  anal¬ 
ysed  in  which  surface  deformations  caused  by  patches  of  turbulent  flow  occur 
in  the  shape  of  ‘scars’  (hence  'scarified'  flow).  A  simple  description  of  the  water 
flow  re^mes  is  given  in  terms  of  only  two  nu^  parameters.  The  first  is  a  typical 
length  A  representing  either  the  size  of  the  turbulent  eddies  or  coherent  patches 
of  vortical  flow.  The  other  variable  used  in  this  discussion  is  the  iocal  turbulent 
Idnetic  energy  density  k  defined  in  terms  of  the  turbuient  fluctuations  tq  as: 
^  vrhere  {.)  is  the  ensemble  average  operator.  The  stabilising  effects 

of  both  gravity  and  surfime  tension  are  analyst  in  the  {X,k)  plane  wUch  is 
also  used  to  daracterise  the  typical  behaviour  of  each  flow  regime. 


MODELLING  CONAfECTION  IN  THE  MEDITERRANEAN  SEA 
WITH  DIFFERENT  TURBULENCE  CLOSURE  SCHEMES 

Hans  Burchard  (1),  Encho  Demirov  (1),  WzJter  Eifler  (1),  Sergio  Castel- 
lari  (2)  and  Nadia  Pinardi  (2) 

(1)  joint  Research  Centre  -  Space  Applications  Institute,  T.  P.  690  1-21020 
Ispra  (VA),  Italy,  email:  hans.burchard@jrc.it,  (2)  Istituto  per  lo  Studio  delle 
Metodologie  Geofisiche  Ambientali,  Via  Gobetti  101, 1-40129  Bologna,  Italy. 

In  this  numerical  study,  the  effect  of  different  turbulence  closure  schemes  for 
parametrizing  shallow  and  deep  convection  on  intermediate  and  deep  water  for¬ 
mation  in  the  Mediterranean  Sea  is  investigated.  An  annual  cycle  (year  1987) 
including  realistic  forcing  (ECMWF)  is  simulated  for  the  whole  Mediterranean 
Sea  by  means  of  an  OGCM  using  four  different  turbulence  closure  schemes:  (i) 
the  k-s  model,  (ii)  the  Mellor-Yamada  level  2.5  model  (MY),  (iii)  the  Deardorff 
[1983]  bulk  model  and  (iv)  simple  convectional  adjustment  combined  with  con¬ 
stant  background  viscosity /diffusivity.  Two  sites  are  investigated  in  detail:  (i) 
the  Gulf  of  Lions  (deep  convection)  and  (ii)  the  Rhodes  gyre  (shallow  convec¬ 
tion).  For  these  sites,  comparative  experiments  with  one-dimensional  models 
are  carried  out.  It  is  shown  that  the  ID  and  the  3D  models  give  similar  results 
if  the  same  surface  forcing  is  used  and  some  corrections  for  advection  of  heat 
and  salinity  are  applied.  The  vertical  structure  of  the  water  column  calculated 
with  the  k-e  and  the  MY  model  is  nearly  indistinguishable  due  to  the  similar 
structure  of  the  models.  The  other  two,  more  simple  models  give  sufficient  re¬ 
sults  for  the  water  formation  rates,  but  do  not  provide  information  about  the 
structure  of  the  muted  layer. 


THE  EFFECTS  OF  MARKOVIAN  RANDOM  FORCING  AND 
DISSIPATION  IN  2-D  TURBULENCE 

J.  Y-K.  Cho  and  A.  P.  Ingersoll 

Division  of  Geological  and  Planetary  Sciences,  Caltech,  Pasadena,  CA  91125, 
USA. 

jcho6gps.caltech.adu/Fax:  (626)  585-1917 

Results  from  over  500  high-resolution  (up  to  1024  x  512  grid-size),  direct 
numerical  simulations  of  2-D  incompressible  turbulence,  with  prescribed 
random  forcing,  in  spherical  geometry  are  presented.  Through  a  systematic 
exploration  of  the  numerical  and  physical  parameter  space,  it  is  found  that  the 
inertial  range  slopes  can  assume  a  range  of  values;  the  —5/3  value  of  the  inverse 
cascade  range  corresponds  to  only  one  set  of  simulation  parameters,  and  hence 
is  not  universal.  In  the  physical  space,  the  forcing  generally  overwhelms  the 
flow,  restricting  the  size,  coherence,  and  mergers  of  the  vortices  that  emerge 
for  a  wide  range  of  amplitudes,  scales,  and  correlation  times  (i.e.,  correlation 
times  long  and  short  compared  to  vorticity  iiyection  timescale).  In  the  case 
with  rotation,  the  latter  behavior  produces  a  flow  that  does  not  correspond  too 
closely  to  observed  planetary  flows;  a  more  physical  forcing,  one  that  interacts 
in  turn  with  the  generated  flow,  is  required  for  geophysical  and  planetary 
applications. 


COHERENT  STRUCTURES  IN  ICE  COVERED  SHALLOW  FLOWS. 

Debol'skaya  E.l.  (Water  Problems  Institute  of  Russian  Academy  of  Science. 
Novo-Basmannaya,  10,  P.O.Box  231 ,107078  Moscow,  Russia) 

The  purpose  of  the  work  is  the  attempting  to  explain  the  nature  of  ice 
covered  flows  in  shallow  currents  with  non-linear  system  in  nonequilbrium 
condition  and  to  show  that  non  stability  of  the  motion  is  connected  not  only 
with  streamlining  of  two  solid  roughness  surfaces  but  with  interaction  of  two 
boundary  layers  In  a  central  region  of  the  current. 

Numerous  measurements  show  that  In  natural  ice  covered  shallow  current 
we  can  meet  the  situation  when  two  boundary  layers  are  crossed  more  often. 
In  this  case  the  picture  of  cunent  is  different  from  flow  In  tube  with  equal 
roughness.  The  mbdng  layer  appears  on  crossing  boundary  of  layers 
streamlining  the  surfaces  with  different  toughness.  This  mixing  layer  is 
characterised  by  bend  point  on  vertical  profile  of  mean  velocity.  It  Is 
obviously  that  non  zero  turbulent  shear  stress  (large  Reynolds  numbers)  and 
broad  spectrum  of  velocity  fluctuations  must  correspond  to  this  region  of  non 
stability.  To  test  this  supposition  we  measured  the  fluctuations  of  longitudinal 
velocity  In  ice  covered  flow  at  rivers  Moskva  and  Desna. 


Vortex  structures  in  stably  stratified  rotating  fluids 
Adam  M.  Fincham 

LEGI-CNRS  Institut  de  Mecanique  de  Grenoble,  “Coriolis”,  Grenoble 
fmcham@img.fr  FAX  33-4-76-87-97-93 

A  stable  linear  density  gradient  supports  a  horizontal  baroclinic  torque 
that  promotes  “layering”  and  a  tendency  for  horizontal  alignment  of  the 
vorticity  vector.  The  internal  Froude  number  Fr=U/ND  gives  a  measure  of 
the  relative  importance  of  the  buoyancy  forces,  for  Fr<l  there  is  very  little 
vertical  motion  and  the  flow  is  quasi  2D  in  nature.  Uniform  background 
rotation  promotes  a  vertical  alignment  of  the  vorticity  vector  when  the 
Rossby  number  Ro=U/fD  is  small.  Rotation  tends  to  increase  vertical 
coherence  of  structures  while  stratification  confines  structures  to  weakly 
correlated  layers.  By  exploiting  the  inherent  anisotropy  associated  widi 
low  Froude  number  flows  a  stack  of  horizontal  slices  is  sufficient  to  fully 
reconstruct  the  3D  vorticity  field.  Large  vortices  created  in  the  13  meter 
diameter  rotating  platform  Coriolis  gain  their  Reynolds  numbers  from  their 
size  and  have  very  long  turn-over  times.  These  long  time  scales  permit  the 
effectively  instantaneous  acquisition  of  relatively  large  numbers  (50)  of 
horizontal  image  slices.  Full  3D  vorticity  fields  are  obtained  in  time  using 
the  Correlation  Imaging  Velocimetty  (CIV)  technique.  The  vortex 
dynamics  is  captured  and  parameterised  as  a  function  of  the  Reynolds, 
Rossby  and  Froude  numbers. 
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EFFICIENT  REPRESENTATION  OF  COHERENT  STRUC¬ 
TURES  BY  TRANSLATION-INVARIANT  ORTHONORMAL 
WAVELET  ANALYSIS 
-Aim^  Fournier 

National  Center  for  Atmospheric  Research,  Boulder,  CO  USA  80307-3000. 
foumierQucar.edu/Fax:  [+1]  303  497  1700 

Wavelet  analysis  (WA)  techniques  have  been  applied  to  an  increasingly  var¬ 
ied  range  of  geophysical  fields  over  the  past  few  years.  A  ‘problem’  with  the 
standard  orthogonal  WA  has  been  observed,  and  sometimes  caused  strenu¬ 
ous  objections.  WA  is  not  translation-invariant,  unlike  Fourier  spectra.  Thus 
the  position  of  a  spatially  localized  feature,  such  as  a  coherent  structure,  can 
drastically  alter  the  distribution  of  WA  coefRcients  over  scale  and  position,  in¬ 
troducing  a  kind  of  spurious  scale  coupling.  A  remedy  for  this  is  the  orthogonal 
translation-invariant  WA,  which  selects  an  optimal  new  origin  C^best  shiff')^ 
regardless  of  the  ‘original’  origin.  For  instance,  in  an  atmospheric  block  struc¬ 
ture,  from  60%  to  90%  of  the  isobaric  height  variance  is  explained  by  just  1  to 
3  wavelet  coefficients,  after  applying  the  best  shift. 


OCEANOGRAPHIC  IMPLICATIONS  OF  WAVE-INDUCED  TURBULEOT 
DIFFUSICar 

Roman  E.  Glazman  (1)  and  P.  B.  Weichinan  (2) 

(1)  JPL,  Pasadena,  (2)  Caltech,  Pasadena 
reg@pacific. jpl.nasa.gov/Fax:  818-393-6720 


Based  on  a  recently  developed  theory  of  turbulent 
diffusion  by  random  waves,  we  present  estimates  of 
horizontal  diffusion  coefficients  for  passive  scalars 
for  two  types  of  wave  motions  -  baroclinic  inertia- 
gravity  (BIG)  waves  and  wind-generated  surface  gravity 
waves  on  deep  water.  The  wave  diffusion  effect,  though 
only  of  second  order  in  the  wave  azrplitude,  is 
conparable  to  the  diffusion  caused  by  random 
fluctuations  in  the  Stokes  drift  in  nonlinear  waves 
considered  earlier  by  Herterich  and  Hasselmann.  The  BIG 
wave  induced  diffusion  is  shown  to  be  negligible 
coirpcired  to  the  usual,  eddy- induced  diffusion  on  the 
largest  scales.  However,  its  relative  iirportemce 
increases  at  smaller  scales  (^  10km)  and  it  may 
therefore  significantly  affect  the  subgrid  diffusion 
consteuit  used  as  input  to  eddy  resolving  ocean 
circulation  models  with  mesh  sizes  on  this  scale. 


JETS  IN  FULLY  DEVELOPED  BETA-PLANE  TURBULENCE  IN 
A  MULTI-LAYER  MODEL 
M.  D.  Greenslade  and  P.  H.  Haynes 

Department  of  Applied  Mathematics  and  Theoretical  Physics,  Cambridge,  UK 
CB3  9EW. 

M.D.GreensladeOdamtp.cam.ac.uk/Fax:  [44]  1223  337918 
Jets  are  a  frequently  occurring  feature  of  many  large-scale  geophysical  flows  and 
have  the  important  property  that  they  tend  to  inhibit  transport  of  fluid  and 
tracers  across  the  jet,  therefore  acting  as  barriers  to  transport.  This  property 
may  be  important  in  natural  contexts  such  as  the  tropopause  and  the  North 
Atlantic  Gulf  Stream.  These  examples  also  show  strong  vertical  variations  in 
cross-jet  transport. 

As  a  paradigm  for  jet  structure  and  cross-jet  transport,  forced-dissipative  sys¬ 
tems  have  been  examined  in  which  the  forcing  represents  a  relaxation  to  a 
baroclinically  unstable  state.  Panetta  (1993)  showed  how  multiple  zonal  jets 
develop  in  a  two-layer,  quasi-geostrophic,  beta-plane  system.  Held  &  Larichev 
(1996)  gave  a  partial  explanation  for  these  results  using  scaling  arguments  and 
propos^  a  scaling  for  the  equivalent  continuously  stratifled  system. 

The  study  reported  here  uses  a  multi-layer  (equivalently,  continuously  strati¬ 
fled)  model  to  examine  the  jets.  The  transport  properties  of  the  jets  are  anal¬ 
yst  using  a  combination  of  particle  and  tracer  analysis.  The  results  are  com¬ 
pared  with  Held  &  Larichev’s  scaling  arguments,  and  the  vertical  structure  of 
the  jets  and  the  mixing  is  examined.  Implications  for  atmospheric  emd  oceanic 
flows  are  discussed. 


TRANSPORT  DURING  A  STORM  LIFE-CYCLE 
IN  A  SIMPLIFIED  GCM 

J.  von  Hardenberg 

(Istituto  di  Cosmogeofisica,  Torino,  Italy) 

K.  Fraedrich,  F.  Lunkeit 

(Inst,  of  Meteorology,  Univ.  of  Hamburg,  Germany) 
A.  Provenzale 

(Istituto  di  Cosmogeofisica,  Torino,  Italy) 


We  stuc^  tracer  transport  during  a  baroclinic 

life-cycle.  An  individual  life-cycle  has  been 

isolated  by  introducing  a  small  perturbation  with 

fixed  wavenumber  in  the  Eulerian  ground  pressure 

field  of  a  stationary  baroclinic  state  of  a 

simplified  GCM.  The  trapping  and  detrapping  properties 

of  individual  storms  are  examined  and  compared  with 

the  behavior  of  barotropic  and  baroclinic  quasi-gedstrophic 

vortices.  The  presence  and  the  properties  of  transport 

barriers  is  addressed,  and  the  role  of  diabatic  effects 

is  explored  by  comparing  2D  and  3D  simulations. 


NONLINEAR  FEATURES  OF  ROSSBY  WAVE  PACKET  PRO¬ 
PAGATION  ON  THE  /J-PLANE 

U.  Harlander 

LIM,  Institut  fur  Meteorologie  Universitat  Leipzig, 

Stephanstr.  3,  D-04103  Leipzig 


We  consider  rays  of  propagation  and  the  local  wavenumber  evolution  of 
quasi-geostrophic  barotropic  Rossby  wave  packets  on  the  ^^plane.  The 
equations  governing  the  evolution  of  the  local  wavenumbers  and  the  propa¬ 
gation  paths  of  the  wave  packets  are  obtained  from  the  dispersion  relation 
which  is  derived  by  substituting  a  WKB-ansatz  into  the  linearized  potential 
vorticity  equation.  For  particular  basic  flows,  the  wavenumber  equations 
can  be  decoupled  from  the  group  velocity.  It  is  known  that  even  in  such 
simple  situations  oscillations  and  bifurcations  can  be  found  in  the  so  called 
wavenumber  phase  space.  We  vary  the  problem  by  applying  more  general 
basic  flows  where  a  decoupling  of  the  wavenumber  equations  from  the  wave 
packet  path  is  not  possible.  In  that  case  the  solutions  depend  strongly  on 
the  parameters  of  the  model  and  can  also  be  chaotic.  Preliminary  results 
of  different  experiments  will  be  presented. 


AN  ENSEMBLE  APPROACH  TO  PREDICTING  CHEMICAL 
EVOLUTION  IN  CHAOTIC  ADVECTION  FLOWS 

P.H.  Haynes  and  D.G.H.  Tan 
DAMTP,  University  of  Cambridge,  UK. 

P.K.HaynesQdamtp.cam.ac.uk/Fax:  [-1-44]  1223-337918 

A  theory  will  be  presented  for  predicting  the  evolution  of  chemical  systems 
where  the  reacting  species  are  initially  separated  and  brought  together  by  stir¬ 
ring  and  mixing  in  chaotic  advection  flows,  i.e.,  flows  where  the  large-scale 
velocity  dominates  the  stirring.  This  therefore  includes  large-scale  atmospheric 
and  oceanic  flows  where  effects  of  stratification  and  rotation  dominate. 

The  theory  is  based  on  considering  the  system  as  made  up  of  a  large  number 
of  elements,  each  of  which  experiences  a  different  stretching  history.  For  each 
element  the  chemical  evolution  is  predicted  by  considering  a  canonical  model 
problem,  which  is  just  the  chemical  evolution  in  the  absence  of  stretching,  ex- 
<^pt  that  the  time  is  not  real  time,  but  an  effective  time  that  depends  on  the 
stretching  history.  The  chemical  state  of  the  whole  system  at  any  real  time 
is  predicted  by  averaging  over  a  large  number  of  realisations  of  the  canonical 
problem,  each  evaluated  at  a  different  effective  time.  The  distribution  of  ef¬ 
fective  times  is  consistent  with  the  distribution  of  stretching  histories  in  the 
flow. 

Predictions  &om  the  theory  are  compared  to  explicit  simulations  of  a  range  of 
different  flows,  from  simple  shear  flows  to  chaotic  advection  flows,  and  theory 
and  simulation  show  good  agreement. 
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PARAMETERISATION  OF  THE  SEDIMENT 
STRATIFICATION  EFFECT  ON  FLOW  DYNAMICS 

B.  A.  Kagan  (1),  W.  Schrimpf  (2)  and  K.  B.  Utkin  (3) 

(1)  Shirshov  Institute  of  Oceanology,  St.Petersburg  Branch,  30  Pervaya 
Liniya,  199053  St.Petersburg,  Russia,  (2)  Speice  Application  Institute, 
JRC,  1-21020  Ispra  (VA),  Italy,  (3)  Russian  State  Hydrometeorological 
University,  195196  St.Petersburg,  Russia. 
kgnCio.spb.su/Fax:  [7]  8122  185  759 

There  is  much  evidence  that  von  Karman’s  constant  in  a  sediment- 
stratified  turbulent  flow  decreases  with  increasing  suspended  sediment 
concentration.  This  variability  is  apparent  and  represented  nothing  else 
than  a  consequence  of  the  influence  of  sediment  stratification  on  the 
mean  velocity  if  the  latter  is  approximated  by  the  logarithmic  law.  How¬ 
ever  the  concept  of  "the  variable  von  Karman  constant”  may  find  ap¬ 
plication  as  a  convenient  way  of  parameterising  the  effect  of  suspended 
particles  on  flow  dyneunics.  We  present  the  dependence  of  von  Kar¬ 
man’s  constant  on  the  external  parameters  determining  the  vertical 
structure  of  the  sediment-bearing  flow  using,  as  the  basis,  a  k-I  model  for 
the  steady,  horizontally  uniform,  sediment-stratified  bottom  logarithmic 
layer  in  which  the  reference  level  and  reference  sediment  concentration 
are  considered  to  be  depeiident  on  the  excess  shear  bottom  stress. 


THE  BREAKDOWN  OF  CYCLONE/ANTICYCLONE  DEGEN¬ 
ERACY  IN  JUPITER’S  ATMOSPHERE:  MODELING  OF  CLOUD 
MORPHOLOGIES  BY  LAGRANGIAN  PASSIVE  TRACERS 

T.  Kundu  and  P.  S.  Marcus 

Dept,  of  Mechanical  Engineering,  University  of  California,  Berkeley  94720. 
Clouds  associated  with  Jovian  anticyclones  are  tight  and  elliptical  while  those 
of  cyclones  ate  filamentary  and  time-dependent.  This  has  been  used  to  argue 
that  the  controlling  dynamics  on  Jupiter  must  distinguish  between  cyclones 
and  anticyclones  (and  thereby  rules  out  quasi-geostrophic  (QG)  models  which 
treat  them  degenerately).  It  was  argued  that  the  filamentary  clouds  of  cyclones 
cannot  be  the  signature  of  coherent,  long-lived  vortices  and  therefore  that  90% 
of  Jovian  vortices  are  anticyclones,  but  this  confuses  instantaneous  streamlines 
with  particle  paths.  Using  the  weakly-forced,  weakly-dissipated  QG  equation 
we  calculate  statistically-steady  vortex  streets  with  a  forcing  that  mimics  con¬ 
vective  overshoot  from  an  underlying  convection  zone.  Clouds  act  as  Lagrangian 
passive  tracers,  but  they  are  created  in  regions  of  upwelling  (anticyclonic  vor- 
ticity)  and  destroyed  in  regions  of  downwelling  (cyclonic  vorticity).  Thus  the 
clouds  themselves  break  the  cyclond/anticyclone  degeneracy  although  the  QG 
dynamics  do  not.  For  a  small  set  of  parameters  both  types  of  clouds  are  consis¬ 
tent  with  those  of  Jupiter.  This  puts  bounds  on  the  amount  of  turbulence,  the 
magnitudes  of  the  vertical  velocities,  and  the  strengths  of  these  vortices,  none 
of  which  have  been  previously  measured  directly. 


EMPIRICAL  ORTHOGONAL  FUNCTION  ANALYSIS  OF  AL¬ 
TIMETRY  DATA  OF  THE  ALGERIAN  CURRENT:  TOWARDS 
A  LOW-DIMENSIONAL  DYNAMICAL  SYSTEM  MODEL. 

C.  Ldpez  (1)  and  E.  Hern4ndez-Garda  (1,2) 

(1)  Institute  MediterrAneo  de  Estudios  Avanzados,  IMEDEA  (CSIC-UIB), 
07071  Palma  de  Mallorca,  Spain,  (2)  Departamento  de  Fisica,  Universidad  de 
las  Islas  Baleares,  07071  Palma  de  Mallorca,  Spain. 

ERS-1  and  TOPEX/POSEIDON  altimetry  data  of  the  Algerian  current  are  an¬ 
alyzed  in  terms  of  empirical  orthogonal  function  analysis  (EOF)  or  Karhunen- 
Loeve  decomposition.  The  dynamics  of  the  more  relevant  modes  define  a  dy¬ 
namical  system  which  is  analized  in  terms  of  correlations  and  mutual  informa¬ 
tion  measures.  We  analyze  the  possibility  of  projection  of  a  two-layer  shallow 
water  model  on  the  space  spanned  by  the  more  relevant  EOF  inodes  in  order 
to  obtain  a  simple  dynamical  system  reproducing  features  of  the  data. 
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KINEMATIC  SIMULATION  FOR  STRATIFIED  FLOWS 
F.  Nicolleau  and  J.  C.  Vassilicos 

Department  of  Applied  Mathematics  and  Theoretical  Physics,  Silver  street. 
University  of  Cambridge,  Cambridge,  CB3  9EW,  ENGLAND. 
fcgan20daintp.cajn.ac.uk/Fax:  -b44  (0)1223  33  79  18 

Kinematic  Simulations  (KS)  are  Lagrangian  models  of  dispersion  that  incorpo¬ 
rate  turbulent-like  flow  structure  in  every  realisation  of  the  Eulerian  velocity 
field.  Individual  trajectories  integrated  in  individual  KS  Eulerian  flow  fields 
are  therefore  smooth  and  comparable  in  character  to  experimental  trajectories 
seen  in  nature  and  the  laboratory.  Lagrangian  statistics  are  taken  over  many 
realisations  of  Eulerian  flow  fields.  We  present  a  modified  version  of  KS  in  or¬ 
der  to  model  dispersion  in  stratified  turbulent  flows,  with  this  new  version  we 
can  predict,  in  agreement  with  experimental  and  direct  numerical  simulation 
results,  the  confinement  of  particle  dispersion  in  the  direction  of  stratification. 
The  modelling  of  dispersion  in  stratified  flows  is  a  delicate  balance  between 
dispersion  features  in  a  quasi  2-D  flow  (i  -  y  plan)  and  dispersion  features  in 
the  direction  of  stratification  (z  direction).  To  relate  these  dispersion  features 
to  the  topological  properties  of  the  flow  we  investigate  2-particle  dispersion  in 
each  direction  and  compare  the  dispersion  laws  to  previous  results  obtained 
for  two  and  three  dimension  flows.  We  also  investigate  the  dependence  of  the 
2-particle  dispersion  on  the  power  law  of  the  energy  spectrum  E(k)  ~ 
of  the  velocity  field  used  in  the  KS  simulation.  Among  other  results,  we  can 
show  the  limit  of  the  locality  assumption  for  2-particle  dispersion  in  stratified 
turbulence. 


EFECT  OF  TEMPERATURE  AND  SALT  STRATIFICATION  ON 
TURBULENT  MOTION 


NIKISHOV  V.I.,  NIKISHOV  V.V. 
e-mail:  vin@ihm.kiev.ua 

Non-homogeneities  of  temperature  and  salinity  distributions  are  respon¬ 
sible  for  the  specific  behaviour  of  perturbations  in  ocean.  This  is  most  pro¬ 
nounced  at  small-scale  interval,  in  which  the  distinction  of  the  rates  of  the 
molecular  temperature  conductivity  and  salt  diftusion  can  cause  the  anoma¬ 
lous  behaviour  of  the  perturbations. 

In  the  report  two  regimes  of  motion  are  considered.  The  first  is  the 
regime  of  developed  turbulence,  in  which  the  inertial  interval  exists.  The  spec¬ 
trum  of  the  refractive  index  fluctuations  in  water  is  studied.  New  expression  of 
the  spectrum  is  found  for  local-homogeneous  and  isotropic  turbulence.  Its  de¬ 
pendence  on  the  dissipation  rates  of  the  temperature  and  salinity  fluctuations 
and  dissipation  rate  of  turbulence  energy  is  analized.  The  parametrization  of 
the  rates  is  performed  by  using  Boussinesq  hypothesis.  Calculations  for  par¬ 
ticular  distributions  of  temperature  and  salinity  characteristic  for  some  ocean 
regions  showed  that  the  spectrum  of  refractive  index  fluctuation  can  have  the 
binary  local  extremum.  The  extremum  is  conditioned  by  the  different  contri¬ 
butions  of  temperature  and  salinity  fluctuations  in  refractive  index  fluctuations 
and  difference  molecular  coefficient  of  transfer. 


ON  THE  DYNAMICS  AND  PATCHINESS  OF  POLLUTION  IN  A 
TURBULENT  ESTUARINE  FLOW 

A.  H.  Osbaldestin  and  J.  R.  Stirling 

Nonlinear  and  Complex  Systems  Group,  Department  of  Mathematical  Sciences, 
Loughborough  University, Loughborough,  Leicestershire,  LEU  3TU,  U.K.. 
J.R.Stirling®Lboro.ac.uk/Fax:  [44]  (0)  1509  211869 
We  present  two  simple  models  (one  2-f  1  and  the  other  3-1-1  dimensional)  of 
transport  and  pattern  formation  in  a  3  D  turbulent  fluid.  This  is  achieved  via  a 
top  down  and  a  template  approach.  The  template  is  based  on  the  fundamental 
harmonics  of  the  turbulent  velocity  field,  or,  in  other  words,  a  global  cartoon 
of  the  turbulent  flow.  We  study  the  template  using  the  techniques  of  chaotic 
advection  and  the  transport  theories  of  Wiggins  and  MacKay-Meiss-Percival. 
These  ideas  are  then  applied  to  the  question  of  how  a  highly  complicated  or 
random  dynamical  system  (turbulent  velocity  field)  can  produce  order  in  some 
sense  (eg.  patches  in  a  pollution  cloud).  In  particular  we  look  at  the  transport 
and  pattern  formation  of  pollution  in  an  estuary.  We  build  a  simple  determinis¬ 
tic  model  to  understand  the  large  scale  transport  of  material  and  the  formation 
and  leakage  of  patches  within  the  pollution  cloud.  These  mechanisms  are  of  vi¬ 
tal  importance  to  pollution  problems  as  these  patches  have  a  concentration  in 
excess  of  the  average  for  the  cloud  and  hence  cause  the  most  damage. 
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NONLINEAR  STRUCTURES  ON  SATELLITE  IMAGES  OF  THE  BLACK 
SEA. 

S.V.Slanichnv  and  D.M.Soloviev  (Marine  Hydrophysical  Institute, 

2  Kapitanskaya  st,  335000,  Sevastopol,  Crimea,  Ukraine) 

Five  years  fiill  resolution  AVHRR  data  set  analyzed  for  the  Black  sea  aquatoiy. 
Detected  wide  range  of  the  dynamic  phenomena  occuired  in  sur&ce  layer -eddies, 
eddies  chains,  "like  mushroom"  currents  and  other  coherent  structures,  frontal 
unstidrility,  transversal  filaments,  convection  processes  etc.  Estimated  main 
parameters  of  these  structures  -  life  time,  spatial  size,  typical  velocities.  Analyzed 
season  variability  of  spatial  patterns  distribution  and  possible  reasons  of  its 
generation.  Notd  an  existence  of  cold  self  current  in  west  part  of  the  sea  and  its 
influence  on  advection  processes.  Satellite  data  compared  with  "in  situ" 
hydrometeorological  measurements. 


USING  SATELLITE  IMAGES  TIME  SET  FOR  INVESTIGATION  DYNAMICS 
OF  THE  BLACK  SEA  UPPER  LAYER 

D.M.Soloviev  and  S.V.Stanichny  (Marine  Hydrophysical  Institute, 

2  Kapitanskaya  st,  335000,  Sevastopol,  Crimea,  Ukraine) 


LARGE  EDDY  SIMULATION  OF  ENTRAINMENT  IN  PENE¬ 
TRATIVE  CONVECTION  WITH  AND  WITHOUT  ROTATION 

Ole  Petersen 

International  Research  Centre  for  Computational  Hydrodynamics,  Agern  Alle 
5,  DK-2970  Horsholm,  osp@dhi.dk  . 

A  Large  Eddy  Simulation  (LES)  numerical  model  is  used  to  investigate  con- 
vectively  driven  turbulence  with  focus  on  the  entrainment  process  and  how  it 
can  be  influenced  by  the  earths  rotation.  It  will  be  shown  that  the  model  gives 
a  fair  representation  of  the  complex  flow  induced  by  the  unstable  surface  con¬ 
dition  and  also  of  the  long  term  descend  of  the  thermocline,  when  compared 
to  available  data.  Further,  it  is  demonstrated  that  for  conditions  equivalent  to 
very  deep  mixing  layers,  the  earth  rotation  may  inhibit  the  entrainment,  by 
what  appears  to  be  a  restriction  in  the  size  of  the  roll-cells  by  a  Rossby  radius. 
The  conclusions  are  based  on  a  series  of  numerical  experiments  that  describe  the 
flow  in  a  rotating  containment  with  a  homogenous  buoyancy  source  overtopping 
a  stable  stratification.  They  cover  Rayleigh  numbers  of  the  order  I0“,  Rossby 
numbers  Ro  ~  w./{fh)  from  1  to  0.05  and  Richardson  numbers  Ri  = 
from  1  to  50.  The  numerical  model  is  non-hydrostatic  with  a  finite  volume 
cartesian  grid  and  a  fractional  step  development,  that  solves  coupled  Navier- 
Stokes  equations  and  thermal  transport  with  a  second  order  accuracy.  Subgrid 
stresses  are  modelled  using  a  Smagorinsky  mixing  length. 


PARAMETRIZATION  OF  TURBULENCE  AND  ENTRAIN¬ 
MENT  IN  PENETRATIVE  CONVECTION 
Ole  Petersen  (1)  and  Hans  Burchard  (2) 

(1)  International  Research  Centre  for  Computational  Hydrodynamics,  Agern 
Alle  5,  DK-2970  Horsholm,  osp@dhi.dk  ,  (2)  Joint  Research  Centre  -  Space 
Applications  Institute,  T.  P.  690  1-21020  Ispra  (VA),  Italy. 

The  entrainment  below  a  shear-free  unstable  surface  layer  may  be  seen  as  one 
generic  geophysical  flow  which  involve  mixing  across  stably  stratified  interfaces 
and  is  therefore  considered  to  be  a  relevant  benchmark  for  mixing  models  in 
OGCM’s.  The  set-up  is  convenient  as  it  highlights  the  mixing  process  and 
thereby  the  parametrization  of  the  non-resolved  processes. 

The  situation  has  been  studied  by  many  authors,  but  here  we  utilize  recent 
Large  Eddy  Simulation  results  and  laboratory  data  and  a  2-equation  turbu¬ 
lence  closure  model,  based  on  the  k-e  model,  as  the  basis  for  a  parametrization 
of  convectively  induced  turbulence  and  the  entrainment  across  a  stable  in¬ 
terface.  It  is  demonstrated  that  the  model  provides  a  realistic  representation 
of  statistical  characteristics  of  the  turbulence  in  the  mixed  layer,  as  e.g.  the 
dissipation,  and  to  some  extend  also  of  the  vertical  mixing  that  leads  to  the 
entrainment. 

The  calibration  cover  geometrical  scales  from  laboratory  to  oceanic  scales, 
Rayleigh  numbers  of  the  order  10“  and  Richardson  numbers  from  10  to  100. 


ON  ASYMPTOTIC  BEHAVIOR  OF  A  FORCED  VISCOUS  FLUID 
YuriN.Skiba 

Centro  de  Ciencias  de  la  Atmflsfoa,  UNAM 
E-mail:  sldba@servid(»'.uiuun.mx 

The  nonlinear  vorticity  equation  (VE)  is  used  to  anafyzse  asymptotic  bdiavior 
of  a  viscous  forced  incompressible  fluid  on  a  rotating  sphere.  A  size  of  the 
bounded  set  that  eventually  attracts  all  VE  solutions  is  estimated  taking 
account  the  dissipation  as  well  as  the  smoothness  and  spectral  composition  of 
the  VE  forcing.  In  the  case  that  the  forcing  is  a  homogeneous  spherical 
polynomial  of  d^ree  n,  invariant  sets  of  the  VE  solutions  and  location  of  VE 
attractors  are  studied  analytically.  Symmetric  and  asymmetric  VE  responses 
to  such  a  forcing  are  discussed,  and  suificient  conditions  for  the  symmetric 
VE  attractor  to  be  global  are  given.  As  an  example  it  is  shown  that  fbe  global 
VE  attractor  can  cyclically  change  its  structure  from  a  zonal  to  a  blocldng- 
like  flow.  It  is  also  shovm  that  the  attractor  dimension  of  the  VE  subjected  on 
a  sphere  to  a  quasi-periodic  forcing  is  not  limited  above  by  flie  generalized 
Grashof  number  and  may  grow  with  the  polynomial  forcing  degree.  The  last 
result  is  of  meteorological  interest,  since  shows  that  the  search  of  a  small- 
dimension  attractor  in  the  time  series  of  meteorological  data  is  not  justified. 


Satellite  data  give  a  possibility  of  observation  investigated  aquatoiy  on 
quasi-regular  basis.  Analyzed  infrared  AVHRR  images  from  NOAA  12,  NOAA  14 
satellites  for  the  Black  Sea. 

Short  time  interval  (-6  hours)  between  images  allowed  to  make  computer  movie. 
This  method  of  information  presentation  has  some  advantages  for  analysis  of  sea 
upper  layer  dynamics.  Mathematical  formalization  for  such  information  is  difficult 
due  to  difference  in  spatial  size  of  typical  peculiarities  in  surface  temperature. 
Presented  computer  movies  demonsuating: 

-upwelling  generation  and  its  interaction  with  current  jet  near  Crimean  coast; 

-  complex  interaction  of  the  coherent  structures  in  East  part  of  the  Black  Sea; 

-  exchange  via  Bosporous  strait; 

-  general  circulation  of  the  Black  sea  for  different  seasons.  Estimated  spatial  and 
kinematics  parameters  of  typical  structures. 


N.  Tsitverblit 

Lamont-Doherty  Earth  Observatory  of  Columbia  University. 
naltaliUeng.tau.ac.il;  tsitOrosie.ldgo.coluiabia.edu 

Ideology  of  conventional  double-diffusive  convection  is  generalized  to  apply 
directly  to  the  large-scale  ocean  processes  through  eddy-double-diffusion — 
instabilities  resulting  from  the  unequal  perturbed  diffusion  gradients  form¬ 
ing  due  to  the  different  boundary  conditions.  In  terms  of  this  ideol¬ 
ogy,  the  original  problem  considered  by  Welander  [Tellus  41A,  66  (1989)]  is 
an^ogous  to  the  diffusive  regime,  while  the  inverse  type  of  stratification 
(Tsitverblit  [Phys.  Fluids  9(8)  2458  (1997)])  mimics  the  finger  regime.  This 
latter  configuration  describes  the  double-component  Langmuir  circulation 
problem  (Leibovich  [Ann.  Rev.  Fluid  Mech.  15,  391  (1983)])  and,  in  combina¬ 
tion  with  shear  motion  (induced,  for  example,  by  the  horizontal  nonuniformity 
in  the  temperature  distribution),  may  be  relevant  to  the  ocean  thermohaline 
circulation.  Decrease  of  the  ratio  of  the  vertical  and  horizontal  diffusion  coef¬ 
ficients  in  this  case  eventually  causes  formation  of  multilayered  structures  and 
may  affect  the  criticality  of  bifurcations.  Like  in  conventional  double-diffusive 
convection,  the  instabilities  are  also  produced  under  a  combination  of  the  hor¬ 
izontal  gradients,  and  this  is  demonstrated  in  application  to  laterally  heated 
stably  stratified  systems  (Tsitverblit  [Phys.  Fluids,  submitted]).  Combinations 
of  the  above  effects  arising  when  the  gradients  are  applied  between  two  inclined 
planes  and  their  relevance  to  the  ocean  are  also  discussed. 


DOUBLE-COMPONENT  CONVECTION  DRIVEN  BY  THE  DIF¬ 
FERENT  BOUNDARY  CONDITIONS 
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DIFFUSION  OF  TRACER  PARTICLES  IN  2  DIMENSIONAL 
FLOWS  WITH  LARGE  REYNOLDS  NUMBERS 
J.  Bene  (1)  and  H.  Lustfeld  (2) 

(1)  Institute  for  Solid  State  Physics,  Eotvos  University,  Museum  krt.  6-8,  H- 
1088  Budapest,  Hungary,  (2)  Forum  Modellierung,  Forschungszentrum  Jiilich, 
D  52425  Jiilich. 
h .  lustf  aldMz-juelich .  d« 

Apart  from  molecular  diffusion  -  which  is  extremely  small  on  atmospheric 
length  scales  -  there  is  no  intrinsic  diffusion  in  the  atmosphere  that  would  lead 
to  the  mixing  of  pollutants.  The  mixing  is  caused  by  the  currents  themselves 
and  is  particularly  effective  in  highly  turbulent  ones.  Here  we  investigate  the 
properties  of  this  mixing  for  2  dimensional  currents.  First  we  simulate  highly 
turbulent  currents  using  an  approximation  along  the  lines  of  Grossmann  et.al. 
(cf.  J.  Eggers  and  S.  Grossmann,  J.Fluids  A3,  1958  (1991)).  Then  we  treat 
pollutants  as  tracer  particles  in  these  currents  and  compute  their  spreading. 
We  discuss  in  particular  the  existence  of  the  so  called  turbulent  diffusion. 


EULERIAN  AND  LAGRANGIAN  STATISTICS 
IN  POINT  VORTEX  SYSTEMS 

E.  Carena,  A.  Provenzale 

(Istituto  di  Cosmogeof isica,  Torino,  Italy) 
J.  B.  Weiss 

(PAOS,  University  of  Colorado,  Boulder,  USA) 


We  study  the  relationships  between  Eulerian  and 
Lagrangian  statistics  in  a  system  of  point 
vortices  on  the  periodic  domain.  The  trapping 
properties  of  the  vortices  are  investigated  and 
the  ergodicity  of  the  passive  particle  motion 
is  studied. 


ASYMMETRIC  TRANSPORT  AND  NON-GAUSSIAN  STATIS¬ 
TICS  OF  PASSIVE  SCALARS  IN  VORTICES  IN  SHEAR 
D.  del-Castillo-Negrete 

Scripps  Institution  of  Oceanography,  UCSD,  9500  Gilman  Dr.  0230,  La  Jolla 
CA,  92093,  USA. 

diagoCfaulty.ucsd.edn/Fax:  (619)  534-9820 

Transport  of  passive  scalars  in  a  chain  of  vortices  in  a  shear  layer  is  studied  using 
a  model  motivated  by  the  quasigeostrophic  equation,  and  a  discrete  map  model. 
Surrounding  the  vortices  there  is  a  stochastic  layer  where  particles  alternate 
chaotically  between  being  trapped  in  the  vortices,  and  moving  following  the 
shear  flow.  Ttansport  in  the  stochastic  layer  is  asymmetric,  and  the  statistics 
of  the  passive  scalar  is  non-Gaussian.  In  particular,  there  is  anomalous  advec- 
tion,  and  anomalous  (non-Brownian)  diffusion.  The  probability  density  function 
(PDF)  of  particle  displacements  Sz,  P(Jz,f),  is  asymmetric  and  broader  than 
Gaussian.  At  large  times,  P  reltLxes  to  a  self-similar  limit  distribution  of  the 
form  t~i/^f{X/t~'l^),  where  X  =  Sx-  {Sx),  /  is  a  scaling  function,  and  ^  is  the 
anomalous  diffusion  exponent.  As  a  result,  the  moments  scale  as  {X")  ~  t"''/^. 
We  present  a  systematic  study  of  the  dependence  of  the  mean,  the  variance, 
the  skewness,  and  the  flatness,  on  the  parameters  controlling  the  asymmetry  of 
the  flow.  The  PDFs  of  the  duration  of  flight  (motion  following  the  shear  flow) 
events,  and  vortex  trapping  events,  exhibit  algebraic  scaling.  In  some  cases,  the 
flights  correspond  to  Levy  flights.  The  results  of  the  model  ate  compared  with 
recent  experiments  on  chaotic  advection  and  L6vy  flights  in  a  rotating  annulus. 


TRANSPORT  OF  PROPERTIES  BY  AN  INTENSE  VORTEX  INTERACTING 
WITH  A  ZONAL  FLOW  OR  ROSSBY  WAVE 

V.L.  Dorofeev  and  G.K.  Korotaev  (Marine  Hydrophysical  Institute,  2  Kapitanskaya 
sL,  335000,  Sevastopol,  Crimea,  Ukraine) 

An  intense  vortex  on  a  beta-plane  transports  fluid,  heat  and  admixtures  even  if 
there  is  no  mean  current.  This  transport  realizes  in  western  direction  with  a 
meridional  component  of  the  displacement  A  vortex  moves  in  more  complicate 
way  if  it  interacts  with  a  mean  zonal  flow  or  a  Rossby  wave  field.  Numerical 
simulations  show  some  general  feamres  of  the  vortex  transport  properties  in  this 
case.  The  potentiai  vorticity  gradient  of  the  zonal  flow  influences  the  vortex  motion 
besides  the  pure  advective  transport  The  vortex  moves  across  the  flow  toward  the 
nearest  potential  vorticity  extreme  of  the  same  sign  and  realizes  transport  of 
properties  in  this  direction.  Trajectories,  which  were  obtained  in  numericai 
experiments  with  various  parameters  of  the  flow,  were  compared  with  the  observed 
trajectories  of  atmospheric  tropical  cyclones.  The  main  types  of  the  tropical  cyclones 
trajectories  may  be  simulated  as  a  result  of  an  interaction  of  a  vortex  with  a  flow 
and  influence  of  a  beta-effecL  The  transport  properties  of  an  intense  vortex  may  be 
strongly  influenced  by  the  Rossdy  wave.  Numerical  experiments  demonstrate  that 
an  intense  vortex  interacting  with  a  plane  Rossby  wave,  can  pass  to  irregular 
oscillations  nearby  some  equilibrium  latitude.  An  intense  vortex  under  the  influence 
of  a  beta-effect  or  interacting  with  waves  or  currents  usually  weakens  and  decreases  its 
size.  It  looses  fluid  particles  from  rotation  around  the  center  through  narrow 
filaments.  Thus  aside  of  the  transport  of  fluid  a  vortex  provides  the  mixing  through 
filament  formation. 


HYPERVISCOUS  DYNAMICS  OF  TWO-DIMENSIONAL  TUR¬ 
BULENCE 

V.  HERBERT  (1),  M.  Larcheveque  (1)  and  C.  Staquet  (2) 

(1)  Laboratoire  de  Modelisation  en  Mecanique,  Universite  Paris  VI,  France, 

(2)  M.E.G.I.,  Grenoble,  France. 
berbeirt61nm.ju88ieu.fr/Fax:  [49]  01  44  27  52  59 

Two-dimensional  turbulence  has  been  investigated  by  many  authors  using  a 
byperviscous  operator.  This  dissipation  operator,  introduced  by  Basdevant  et 
al.  (1983),  parameterizes  the  unresolved  subgrid  scales.  Recent  studies  by  Mar- 
iotti  et  al.  (1994)  and  Jimdnez  (1995)  have  however  put  forward  spurious  effects 
attributed  to  this  byperviscous  operator.  The  purpose  of  the  present  work  is 
to  investigate  in  detail  these  effects  in  comparison  with  simulations  using  an 
ordinary  laplacian  operator. 

For  this  comparison  to  be  physically  meaningful,  we  first  introduce  the  concept 
of  flows  that  are  "equivalent”,  from  a  turbulent  point  of  view.  We  next  proceed 
to  comparison  between  equivalent  flows,  either  simulated  using  an  ordinary 
laplacian  diffusion  or  using  a  byperviscous  operator. 

For  this  purpose,  we  analyse  in  detail  the  topology  and  distribution  of  coherent 
vortices  in  the  flow,  by  means  of  an  automated  vortex  census  based  on  a  new 
vorticity  criterion  proposed  by  Larcheveque  (1993)  and  studied  by  Herbert  et 
al  (1996).  We  obtain  temporal  scaling  behavior  tor  the  several  simulated  flows. 
Theses  results  are  analysed  in  terms  of  ihtermittency  and  are  compared  both 
to  the  scaling  theory  of  Carnevale  el  at.  (1993)  and  the  numerical  experiments 
ofMarteau  (1997). 
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DISPERSION  OF  LIGHT  LAGRANGIAN  TRACERS  IN  PEIU 
TURBED  2D  COASTLINE  FLOWS 

C.  Piccolo  and  E.  Segre 

DIASP,  Politecnico  di  Torino,  Italy. 

co8tan2aOnaiBa.polito.it/Fax:  +39-11-564-6899 

Light  lagtangian  particles,  which  do  not  follow  the  streamlines  of  the  flow,  are 
generally  captured  in  recirculation  cells.  We  study  numerically  a  two  dimen¬ 
sional  channel  flow  with  a  sudden  expansion,  which  can  be  taken  as  a  paradigm 
flow  in  a  simple  geometry  and  produces  one  recirculation  zone  after  the  opening. 
The  capture  rate  of  tracer  particles  of  different  sizes  and  densities  is  computed. 
Various  perturbations  are  then  superimposed  to  the  incoming  base  flow,  and 
render  it  time  dependent;  the  effect  of  these  perturbations  on  the  capture  rate 
is  studied. 


FLUCTUATIONS  OF  PARAMETERS  OF  CONTOURS  CARRIED 
BY  A  RANDOMLY  MOVING  INCOMPRESSIBLE  MEDIUM 

A.l.Saichev  and  I.S.Zhukovs 

University  of  Nizhny  Novgorod,  Nizhny  Novgorod,  603600  Russia  . 
salehsvCrl. nnn.runnst.ru/Fax:  [+7]  8312-656-416 

Analysis  of  tracer’s  diffusion  in  turbulent  media  is  necessary  for  solution  of 
many  problems  in  physics  of  atmosphere  and  ocean,  and  excites  high  interest. 
However,  the  main  attention  has  been  attracted  to  evolution  of  tracer’s  average 
density  or  to  analysis  of  single  tracer  particle’s  diffusion.  At  the  same  time,  the 
investigation  of  probability  properties  gives  more  adequate  description  of  many 
significant  peculiarities  of  density  field. 

In  this  report  results  have  been  obtained  from  a  study  of  the  topographical 
peculiarities  of  the  passive  tracer  density  in  a  randomly  moving  incompressible 
medium.  For  these  purposes  the  correlations  between  Lagrangian  and  Eule- 
rian  statistics  of  fields  in  turbulent  media  and  formulas,  which  are  connected 
Lagrangian  and  Eulerian  probability  distributions  of  tracer’s  density  and  Jaco¬ 
bian  are  obtained.  On  the  basis  of  these  formulas  the  evolution  of  the  length  of 
a  contour  of  a  constant  tracer  denwty  and  of  the  total  gradient  of  the  density 
field  are  investigated.  The  expressions  for  the  probability  distribution  of  the 
total  gradient  and  it’s  moment  functions  are  derived. 


EVOLUTION  OF  THE  PASSIVE  TRACER  CLUSTERS  IN  COM¬ 
PRESSIBLE  TURBULENT  MEDIA 


LAGRANGIAN  NUMERICAL  MODEL  OF  A  BINARY  MIXTURE  AND 
SEGREGATION  PROCESSES 

Sandro  Longo*,  Alberto  Lamberti,  DISTART  Univ.of  Bologna 

Iongo@idraulica.ing.unibo.it,alberto@idraulica.ing.unibo.it 

Particle  size  segregation  is  a  quite  evident  phenomenon  taking  place  when  initially 
mixed  particles  with  different  size,  mass  density,  shape,  are  subjected  to  shearing  or  to 
any  body  force  such  as  gravity  or  centrifugal  forces.  In  debris  flows,  segregation 
moves  big  stones  from  the  bank  and  the  bed  towards  the  free  surfece  and  the  center  of 
the  stream  and,  by  differential  transport,  to  the  front  of  the  flood,  with  important 
effects  on  the  flow  resistance  and  on  the  stream  evolution.  In  the  present  work  a 
numerical  model  is  developed  in  order  to  represent  the  simple  particle  movements  in 
a  binary  mixture  of  spheres  flowing  over  an  inclined  plane.  The  main  aim  is  to 
quantify  the  stresses  and  to  model  of  the  segregation  phenomenon,  andto  relate  the 
forces  acting  on  the  different  species  to  the  gi^ient  of  concentration,  the  granular 
temperatute,the  tensor  of  the  velocity  deformation.  It  is  assruned  that  the  spheres  are 
infinitely  stiff;  the  collisions  take  place  in  an  infinitesimal  time  and  ate  only  binary. 
The  statistic  of  particle  movements  and  collisions  allows  the  computation  of  the 
profiles  of  mean  velocity,  of  concentration  and  of  pseudotemperature.  The  results 
show  a  clear  segregation  of  the  small  particles  near  the  bottom,  with  big  particles 
floating  over  them. 


LAGRANGIAN  MODELING  OF  CROSS-EQUATORIAL  AIR¬ 
FLOW  -  STOCHASTIC  RESONANCE  IN  A  HAMILTONIAN 
SYSTEM 

N.  Paldor  and  Y  Dvorkin 

Institute  of  the  Earth  Sciences,  The  Hebrew  University  of  Jerusalem,  Jerusalem, 
91904  ISRAEL. 

deorkinfivna .  hu j  i .  ae .  il/Fax:  [972]2/566-2581 

A  Lagrangian  model  relevant  to  the  planetary  atmosphere  is  employed  to  study 
the  characteristics  of  horizontal  cross-equatorial  flow  of  particles  subject  to  non¬ 
linear  Coriolis,  and  mean  meridional  pressure  gradient,  forces.  The  dynamics 
associated  with  events  of  equator-crossing  by  particles  is  described  by  a  Hamil¬ 
tonian  system  with  a  bistable  potential  which  has  a  local  maximum  at  the 
equator.  In  the  absence  of  any  additional  forces  this  local  maximum  in  pres¬ 
sure  prohibits  particles  from  flowing  from  one  hemisphere  to  the  other.  When 
all  other  (i.e.  in  addition  to  the  mean  meridional  pressure  gradient)  forces  are 
introduced  into  the  system  as  stochastic  forcing,  modeled  by  Gaussian  white 
noise,  anomalous  diffusion  up  the  mean  pressure  gradient  occurs  and  parti¬ 
cles  launched  in  one  hemisphere  can  cross  the  equator.  Spectral  estimations  of 
the  crossing  events  show  that  at  low  noise  intensity  the  spectral  peak  is  low, 
narrow  and  situated  at  low  frequencies.  At  large  noise  intensities  the  process 
becomes  noise-dominated.  Our  results  demonstrate  the  existence  of  an  optimal 
noise  intensity  where  the  signal-to-noise  ratio  of  equator  crossings  exhibit  a 
sharp  maximum.  These  results  demonstrate,  for  the  first  time,  the  occurrence 
of  stochastic  resonance  in  a  Hamiltonian  system. 


AN  EXPERIMENT  ON  TWO-DIMENSIONAL  TURBULENCE  IN 
A  MIXING  LAYER 
B.  Pascal  (I)  and  R.  Moreau  (1) 

(1)  EPM-MADYLAM,  BP  95,  38  402  St  Martin  d’Heres  Cedex,  France. 

An  experiment  is  performed  in  a  thin  horizontal  circular  layer,  in  presence  of 
a  vertical  magnetic  field,  in  conditions  such  that  two-dimensionality  is  well 
achieved.  An  external  annulus  rotates  under  the  action  of  electromagnetic 
forces,  the  middle  part  is  at  rest,  and  a  circular  mixing  layer  develops  be¬ 
tween  them.  This  mixing  layer  is  unstable  and  generates  eddies  aligned  with 
the  magnetic  field,  which  interact  to  transfer  energy  to  larger  and  larger  modes. 
The  central  part  of  the  bottom  plate  may  be  heated,  whereas  the  external  wall 
is  water-cooled,  so  that  temperature  behaves  as  a  passive  scalar  transported 
accross  the  mixing  layer  by  this  turbulence.  MHD  also  offers  a  diagnostic  tech¬ 
nique,  via  the  measurements  of  electrical  potential  differences  at  the  bottom 
wsJl,  which  yield  core  velocity  and  temperature.  Profiles  of  the  most  important 
quantities  (mean  velocity,  temperature,  rms  of  their  fluctuations),  correlations 
and  spectra  are  presented.  They  reveal  the  main  features  of  this  kind  of  tur¬ 
bulence  :  a  small  number  of  large  coherent  structures  fed  by  the  inverse  energy 
cascade,  energy  spectra  exhibiting  peaks  at  low  wave  numbers  and  a  small  in¬ 
ertial  range  characterized  by  either  1:"^  or  k~^  laws,  a  transport  of  heat  much 
less  efficient  than  the  transport  of  momentum.  It  is  expected  that  this  well 
controled  experiment  may  yield  data  which  could  be  used  to  validate  models 
and  better  constrain  the  behaviour  of  2D  turbulent  geophysical  flows. 


A.l.Saichev  and  I.S.Zhukova 

University  of  Nizhny  Novgorod,  Nizhny  Novgorod,  603600  Russia  . 
BaichevCrf.una.runnet.ru/Fax:  [+7]  8312-656-416 

The  most  distinctive  peculiarity  of  tracer  in  compressible  chaotic  moving  me¬ 
dia  is  the  formation  of  cluster  structure,  i.e.  the  appearance  of  small  regions 
of  high  density,  surrounding  by  broad  regions  of  low  tracer  density.  The  well 
known  Large-Scale  Structure  of  mass  distribution  of  the  Universe  is  the  good 
example  of  such  kind  structure.  In  this  report  some  models  of  ID  and  2D  com¬ 
pressible  media  illustrating  the  arising  and  evolution  of  the  clusters  structure 
are  investigated. 

The  Fokker-Planck  equations  for  the  probability  distribution  function  describ¬ 
ing  the  fluctuations  of  the  clusters  width  for  the  cases  of  ID  and  2D  compress¬ 
ible  media  are  derived.  It  is  shown  that  these  equations  have  the  stationary 
solutions.  It  means  that  medium  chaotically  compressions  prevent  from  molec¬ 
ular  diffusion  action  and  lead  to  the  clusters  localization  in  time.  The  analysis 
of  these  equations  consequencies  allows  to  find  out  the  peculiarities  of  arising 
and  evolution  of  clusters  structure. 
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NEW  TWO-DIMENSIONAL  MODEL  OF  POLLUTION  TRANS- 
POBT  IN  BAROCUNIC  FREE  ATMOSHERE 

K.  6.  Schwarx  and  V.A.  SUlyaev 
Penn  State  Uaivenity,  Rnuia. 
kosebtaail.pin.ra/T^:  +7(3422)  333  983 

Two-dimeMlonal  model,  which,  deecribei  large-acale  pioceaaea,  imparity  traoe- 
fer  and  diffoaion  in  bee  atmoepheie,  U  derived.  This  model  is  the  development 
of  shallow  water  theory  for  batodinic  atmosphere.  Its  derivation  bom  three- 
dimeasionsl  equations  of  a  dry  atmosphere  and  equation  of  transport  and  dif- 
bision  of  heavy  irnpurity  in  local  isobar  system  of  coordinate  within  the  static 
and  -  plane”  approximation  is  asymptotically  correct  by  application  of  long¬ 
wave  approach.  To  dose  the  avera^g  across  layer  equations  we  use  the  exact 
solution  of  the  otij^al  three-dimensional  problem  for  a  linear  depending  of 
temperatnie  and  geopotendal  in  the  upper  and  lower  boundaries.  We  investi¬ 
gated  the  influence  of  advection  to  large-scale  atmospheric  flow  drculation  and 
to  pollution  transport.  The  aim  of  our  numerical  experiments  are  the  evalu¬ 
ate  of  the  weighted  partides  transport  in  atmosphere  Inm  the  large  pollntioa 
sources  of  industrial  centres  in  the  European  part  of  Russia.  The  calculating 
background  of  impurity  concentratiom  corresponds  to  resnlts  of  observation. 


NUMERICAL  EXPERIMENTS  FOR  ADVECTION-DIFFUSION 
SCHEMES  :  APPLICATION  TO  LARVAE  TRANSPORT  IN  THE 
ENGLISH  CHANNEL. 

H.  Smaoui  (1),  A.  Ouahsine  (2)  and  A.  Sentchev  (3) 

(1)  Laboratoire  de  Gdodynamique,  URA  719, 59655  Villeneuve  d’Ascq,  France, 

(2)  L.  M.  L.  -  URA  1441,  Paul  Langevin,  59655  Villeneuve  d’Ascq  ,  (3)  L.O.A.- 
Station  Marine  de  Wimereux,  Universite  du  Littoral,  62930  Wimereux. 
Abd«llatll.Ouahsina«unlv-llllal.fr/Fax:  03  20  33  71  53 

A  numerical  model  of  tidal  circulation  was  used  to  determine  the  P.  flesus  lar¬ 
vae  advection  in  the  Eastern  English  Channel.  The  larvae  spatial  distribution 
was  observed  during  April-May  1995.  As  the  vertical  distribution  of  the  larvae 
in  the  water  column  was  not  specified,  this  enable  a  preliminary  investigation 
in  the  bamework  of  a  depth  averaged  model.  The  model  is  based  on  finite  dif¬ 
ferences  schemes  with  splitting  up  techniques,  and  uses  a  finer  mesh  sire.  In 
order  to  reduce  the  numerical  diffusion  in  the  scalar  transport  model,  we  inves¬ 
tigate  different  schemes.  Comparisons  ate  made  between  the  upwind  and  Lax- 
Wendroff  schemes  with  more  recent  higher  order  schemes:  Minmod,  Superbee, 
Van  Leer  and  Centred-Monotone  schemes.  Numerical  experiments  show  that 
the  upwind  scheme  is  excessively  damping.  The  Lax-Wendtoff  method  exhibits 
better  amplitude  preservation,  but  introduces  the  under  and  overshoots  in  the 
numerical  solution.  The  flux-limiters,  when  there  are  Total  Variation  Dimin¬ 
ishing,  reduce  the  numerical  diffusion  identified  in  the  first  order  schemes.  The 
Superbee  limiter  was  found  to  be  a  good  compromise  between  shape  preserva¬ 
tion  and  computational  cost  in  the  tracer  advection  model. 


NP3  Transport  and  mixing  in  geophysical  flows 
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04  Biological  processes  and  mixing  in  the  ocean 
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SHEAR  GENERATED  MIXING  PROCESSES  IN  ARCTIC 
AND  SUB-ARCTIC  FJORDS 

Jan  Erik  Stlansen*  Harald  Svendsen*  Knut  Finne'  VIgdIs 
Tverberg’ 

’Geophysical  Instimte,  University  of  Bergen,  N-5607  Bergen, 
Norway. 

'  UNIS,  N-9170  Longyearbyen,  Svalbard 

There  are  many  preferences  by  studying  small  scale  phenomenon  in 
Qords  compared  to  similar  studies  in  die  open  sea.  Field 
experiments,  applying  high  resolving  acoustic  current  meters  (UCM- 
40)  and  CTD,  have  been  carried  out  in  one  arctic  Qord  (West- 
Spitsbergen)  and  two  sub-arctic  flords  (Troms,  North-Norway).  The 
investigations  in  the  sub-arctic  Qords  was  based  on  current 
measurements  from  permanent  rigs  and  a  ship  operated  combined 
CTD  and  current  meter,  while  the  experiment  in  the  arctic  Qord  was 
carried  out  through  a  hole  drilled  in  tte  ice  which  covered  die  Qotd. 
The  observed  temperature,  salinity  and  current  showed  a  strongly 
varying  pattern  both  in  time  and  space.  Characteristic  for  all  the 
three  Qords  was  the  microstructure  which  appeared  in  the  water 
column  in  both  the  density  and  the  current  profiles.  The  results 
indicates  that  shear  generated  turbulence  most  of  die  time  is  the 
piajor  source  of  nirbulent  energy  to  die  mixing  processes  in  all  the 
Aree  Qords. 


COMPUTATIONS  OF  IMPURITY  TRAJECTORIES  IN  TWO- 
DIMENSIONAL  INCOMPRESSIBLE  PERIODIC  FLOWS 

F.  Tampieri  (1),  P.  Paradisi  (2)  and  S.  Zauli  Sajani  (3) 

(1)  Institute  IMGA-CNR,  Via  Gobetti  101, 1-40129,  Bologna,  Italy,  (2)  Dipar- 
timento  di  Fisica,  Via  Irnetio  46, 1-40129,  Bologna,  Italy,  (3)  Dipartimento  di 
Scienze  dell’Ingegneria,  Sezione  Osservatorio  Geofisico,  Via  Campi  4,  41100, 
Modena. 

The  motion  of  impurities  in  two-dimensional,  incompressible  periodic  flows 
has  been  numerically  investigated,  in  order  to  assess  the  questions  raised  by 
previous  authors,  and  to  evaluate  the  importance  of  the  various  terms  in  the  law 
of  motion.  In  the  basic  case  of  Stokes  drag  and  inertia  forces,  it  is  recognized 
that  light  impurities  (i.e.  impurities  whose  density  is  less  than  that  of  the 
surrouding  fluid)  are  captured  by  the  vortex  centre,  and  the  time  needed  to 
reach  the  centre  is  a  function  of  the  density  ratio  sod  of  a  time  scale  typical  of 
particle  motion.  For  both  the  limits  of  very  high  viscosity  and  of  inviscid  motion, 
this  convergence  time  tends  to  infinity.  For  heavy  impurities  the  diffusive  and 
ballistic  regimes  are  distinguished,  accounting  again  for  a  ’divergence’  time 
scale,  related  to  the  impurity  properties.  Furthermore,  the  effects  of  Basset 
memory  force,  of  the  lift,  and  of  a  different  formulation  of  drag  to  account  for 
high  Reynolds  number  are  discussed  for  some  examples. 


Interplay  of  Fluid  Dynamics  £  Plankton  Population  Dynamics  in  the  Ocean 
J.Brindlev.  Univ.  of  Leeds 

Dept,  of  Applied  Mathematics  Univ.  of  Leeds,  Leeds  LS2  9JT,  UK. 
amtjb@am5ta.leeds.ac.uk 

Plankton  is  a  collective  term  describing  many  species  of  small  (usually  10'*  -  lO'^m) 
plantlike,  photosyntbesising  (phytoplankton,  P)  or  animal  like,  herbivore 
(zooplankton,  Z)  organisms.  GrowA  needs  a  nutrient  supply  (N),  together  with 
available  radiation.  Striking  features  of  the  population  dynamics  are  its  spatial  and 
temporal  variability.  Blooms,  in  which  the  population  of  P  (and  to  a  lesser  extent  Z) 
increases  by  1-2  orders  of  magnitude  in  a  few  days,  occur  at  some  times  and  places, 
often  unpredictably,  and  spatial  patchiness  is  ubiquitous.  Mathematical  models 
range  from  highly  complex,  amenable  only  to  numerical  simulations,  to  very  simple, 
allowing  the  possibility  of  some  analytical  understanding  and  hence  predictive 
properties.  Here  we  report  results  fi'om  simple  (NPZ)  population  models,  comprising 
coupled  differential  equations  of  excitable  nature.  Effects  of  non-uniform  flow  fields 
on  Ae  dynamics  of  these  models  are  explored,  both  when  the  plankton  is  entirely 
passive,  and  also  when  the  zooplankton  adopts  feeding  strategies  involving  relative 
motion.  Implications  for  blooms  and  spatial  patchiness  are  discussed. 
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THE  PHYTO- AND  ZOOPLANKTON  FIELDS  OF  THE  ATLANTIC 
OCEAN. 

Z.ZJ=menko',  S.A.Piontkovsld',  R.  Williams*  and  A.VJilishonov* 

'  Institute  of  Biology  of  the  Southern  Seas,  UKRAINE 

*  Plymouth  Marine  Laboratoiy,  UNITED  KINGDOM 

*  Marine  Hydrophysical  Institute,  UKRAINE 

Data  from  20  years  (1970-1990)  of  expeditions  to  the  Atlantic  Ocean  are  summa¬ 
rised  in  the  form  of  macroscale  contour  maps.  The  chlorophyll  a  concentrations 
from  surface  and  mesozooplankton  in  the  upper  layer  (O-lOOm)  were  analysed  from 
3000  and  1300  casts  respectively.  General  agreement  between  chlorophyll  concen¬ 
trations  and  mesozooplankton  biomass  distributions  was  noted  on  an  ocean  basin 
scale.  The  comparison  of  chlorophyll  concentration  within  the  surface  layer  for 
some  cruises  and  CZCS  data  was  made  for  individual  provinces.  For  tire  open  ocean 
there  was  significant  correlation  between  in  situ  measured  and  satellite  derived  chlo¬ 
rophyll  concentration.  There  was  a  linear  relationship  between  mean  chlorophyll 
concentration  within  the  0  to  10  m  layer  and  mesozooplankton  biomass  within  the  0 
tt>  100  m  layer  for  9  biogeochemical  provinces  for  suttuned  data  between  December 
to  May  and  June  to  November.  For  certain  provinces  relations  were  established  be¬ 
tween  primary  production,  phytoplankton  and  zooplankton  biomass.  Biomass  of 
phytoplankton  and  zooplankton  were  estimated  for  the  biogeochemical  provinces  of 
Atlantic  Ocean.  The  total  biomass  of  phytoplankton  was  estittmted  at  100  min  t  C, 
and  that  of  mesozooplankton  at  65  min  t  C. 


RELATIONS  BETWEEN  PHYTOPLANKTON  AND  TRACE  METALS 

Marline  Com  (1)  and  Cdcile  Guieu  (2).  (1)  Insfrtut  de  Biog6ochimie  Marine, 
1  rue  Maurice  Amoux,  92120  Montrouge.  (2)  Laboratoire  de  Physique  et 
Chimie  Marine,  06238  Villefranche-sur-Mer 

Laboratory  experiments  were  conducted  In  order  to  describe  the  main 
interactions  between  phytoplankton  and  trace  metals  In  the  column  water  of 
the  Gulf  of  Lions.  Two  marine  microalgae  present  In  this  environment,  the 
prymneslophyte  Emiliania  huxleyi  and  the  diatom  Leptocylin&us  danlcus, 
were  grown  in  two  axenic  seawater  medium  ;  (1)  the  F/2  medium  and  (2)  a 
seawater-like  trace  metals  concentrations.  The  aim  of  the%  experiments  Is 
to  investigate  the  trace  metals  (Cd,  Cu,  Fe  and  Zn)  distribution  between  the 
dissolved  and  the  particulate  phases  for  these  two  species  at  the  different 
steps  of  the  algae  growth,  in  the  two  medium.  On  the  contrary  of  EmiSanla 
huxleyi,  the  growth  rate  of  Leplocylindrus  danlcus  is  maximum  in  the 
medium  enriched  in  trace  metals  (F/2).  Lower  trace  metals  concentrations 
of  the  second  medium  Induce  a  decrease  with  a  factor  2  and  3  of  the  Chi  a 
levels  for  Leptocylindrus  danicus  and  Emiliania  huxleyi,  respectively.  These 
experiments  will  allow  us  to  determine  the  distribution  coefficient  Kd,  the 
relation  between  the  phytoplankton  and  particulate  trace  metals.  Results  will 
be  included  into  the  ID  water  column  model  (Tusseau  et  al.,  1997)  currently 
modified  to  describe  the  fate  of  these  trace  metals  In  the  column  water  in 
relation  with  the  organic  matter.  (This  work  is  part  of  the  E.U  Metro-Med 
Project  (MAST3-CT96-0049)). 


EFFECTS  OF  ADVECTION,  MIXING  AND  SINKING  ON  SPA¬ 
TIAL  AND  TEMPORAL  EVOLUTION  OF  BIOCHEMICAL  PA¬ 
RAMETERS  IN  THE  MEDITERRANEAN  SEA 
G.  Crispi  and  A.  Crise,  R.  Mosetti,  C.  Solidoro 
Osservatorio  Geofiflico  Sperimentala,  P.O.  BOX  2011  34016  Trneate,  Italy. 

In  the  Mediterranean  Sea,  average  fluxee  of  matter  have  opposite  directions  in 
the  upper  ocean,  one  being  eastward  oriented  and  the  intermediate  one,  con¬ 
trolled  by  LIW,  westward.  As  a  consequence  fluxes  caused  by  advection,  mix¬ 
ing  and  sinking  velocity  of  particulate  matter,  strongly  affect  horizontal  spatial 
distribution  and  play  a  major  role  in  giving  rise  trophic  gradient.  In  this  com¬ 
munication,  we  investigate  the  effect  of  sinking  velocity  on  spatial  and  temporal 
evolution  of  biological  parameters.  Also  the  influences  of  advection  and  mixing 
are  analyzed.  Numerical  results  are  obtained  with  a  three-dimensional  hydro- 
dynamical  ecological  model,  using  a  lumped  variable  description  of  the  first 
trophic  level,  while  the  transport  processes  are  accounted  for  by  a  MOM-like 
structure.  They  indicate  that  the  sinking  term  originates  a  west-east  gradient 
on  biological  parameters,  while  large  gyres  determine  the  prevailing  trophic 
regime  in  the  open  ocean  and  upwellings/downwellings  are  most  effective  along 
the  coastal  areas. 


A  MODEL  STUDY  OF  THE  EFFECT  OF  VERTICAL  MIXING 
ON  THE  MARINE  ECOSYSTEM 
H.  Drange 

Nansen  Environmental  and  Remote  Sensing  Center,  Edv.  Griegsv.  3A,  N'-5037 
Solheimsviken,  Norway. 
helge.drangeCnrsc.no/Fax:  [47]  55  20  00  50 

A  coupled  3-dimensional  physical-biogeochemicai  ocean  model  is  used  to  quan¬ 
tify  the  effect  of  vertical  mixing  on  the  marine  ecosystem  in  the  Atlantic  Ocean, 
the  Nordic  Seas,  and  the  Arctic  Ocean.  The  physical  model  used  in  this  study 
is  the  Miami  Isopycnic  Coordinate  Ocean  Model  MICOM,  with  a  dynamic- 
thermodynamic  ice  model,  whereas  differet  nitrogen-based  ecosystem  formu¬ 
lations  are  used.  Three  mixing  processes  are  examined;  Mixed  layer  entrain- 
ment/detrainment,  convective  mixing,  and  diapycnal  mixing.  For  the  latter 
process,  different  parameterizations  are  tested,  including  vertical  stability  and 
isopycnic  velocity  shear  dependent  formulations.  The  presentation  will  focus 
on  the  effect  these  mixing  processes  have  on  new,  regenerated  and  export  pro¬ 
ductions  in  the  open  ocean,  together  with  the  air-sea  exchange  of  COz- 


THE  IMPACT  OF  MESOSCALE  EDDIES  ON  PRIMARY  PRODUCTION  IN 
THE  NORTH  ATLANTIC  OCEAN:  A  MODELLING  APPROACH 

V.  Garmon  (1),  A.  Oschlies  (1,2),  and  J.  Gunson  (1) 

(1)  LEGOS/UMR5566/GRGS,  Toulouse,  France,  (2)  Institut  fiir  Meereskiinde 
and  der  Universitat  Kiel,  Kiel,  Germany 
Veronique.Garcon@cnes.fr/Fax:  +33-5-61-253205 

Physical  influences  on  biological  primary  production  in  the  North  Atlantic 
ocean  are  examined  by  coupling  a  four-component  ecosystem  model  of 
nitrogen  cycling  to  an  eddy-resolving  seasonal  general  circulation  model.  A 
series  of  sensitivity  experiments  shows  the  crucial  role  of  an  accurate 
formulation  of  upper  ocean  turbulence  and  of  advection  numerics. 
Subgridscale  diapycnal  diffusion  strongly  controls  biological  production  in 
the  subtropical  gyre,  while  an  accurate  description  of  subgridscale  viscosity 
is  important  in  the  equatorial  region. 

Assimilation  of  altimeter  data  from  the  combined  TOPEX/Poseidon  and 
ERS-1  missions  into  this  basin-wide  high-resolution  model  is  performed  to 
yield  a  more  realistic  representation  of'  oceanic  eddy  activity.  Results 
indicate  that  mesoscale  activity  accounts  for  more  than  one  third  of  the  new 
primary  production  in  large  regions  of  the  subtropical  and  mid-latitude 
North  Atlantic.  Variational  assimilation  of  ocean  colour  data  in  this 
coupled  model  is  then  conducted  to  constrain  the  modelled  biological 
processes,  and  in  particular  to  improve  Our  estimation  of  poorly  known 
biological  parameters  at  a  basin  scale. 


COUPLED  HYDRODYNAMIC  ECOSYSTEM  MODEL  OP  TEIE 
BLACK  SEA  AT  BASIN  SCALE.  FIRST  RESULTS  OF  A  HIGH 
RESOLUTION  3D  INTERDISCIPLINARY  MODEL 

M.  Grflgoire,  J.M.  Bediers  and  J.Nihoul 

GHER,  B5,  Inkitut  de  phyrique,  Sart  Tilman,  Universitf  de  Libge,  4000  Lihge, 
Belgium. 

BgregoiraOulg.ac.be/Ibx;  [32]  4  366  23  55 

A  hydrodynamical  model  of  the  general  circulation  in  the  Black  sea  has  been 
build  up,  using  the  GHER  (GeoHydrodynamics  and  Environment  Research) 
three-dimenrional,  non  linear,  baroclinic,  turbulent  closure  model.  A  model 
with  5  km  horizontal  resolution  and  25  vertical  levels  is  used  to  compute  the 
typical  cycle  by  fbrdng  the  model  zrith  climatological  monthly  mean 

fields  of  temperature,  salinity  and  wind  stress  at  the  air-sea  interface.  Fur¬ 
thermore,  the  river  discharges  of  the  Danube,  the  Dnestr  and  the  Dnepr  are 
taken  into  account.  This  high  resolution  model  resolves  the  baroclinic  instabil¬ 
ities  generated  by  the  irtteractions  of  the  boundary  currerrt  with  the  coastline 
geometry  or  mth  the  continental  shelf/slope  topogrsqrhy. 

A  simple  ecosystem  model  defined  by  a  nitrogen  cycle  is  coupled  with  the  hydro- 
dynamical  model.  The  state  variables  of  this  model  are  defined  as  those  which 
are  necessary  and  sufficient  to  assess  the  effects  of  the  phytical  processes,  and 
in  particular  of  the  boundary  current  instability,  on  the  space  time  distribution 
of  the  primary  and  secondary  productions. 

The  results  of  this  3D  ecohydrodynamic  model  are  compared  with  CZCS  data 
of  surface  chlorophyll  fields  collected  during  the  period  from  1978  to  1986. 
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THE  EFFECT  OF  HYDRODYNAMICS  ON  THE  PHYTOPLANKTON 
PRIMARY  PRODUCTION  AND  SPECIES  COMPOSITION  AT  THE 
ENTRANCE  TO  THE  GULF  OF  FINLAND  (BALTIC  SEA)  IN  JULY  1996. 

I.  Kanoshina  (1),  U.  Lips  (1)  and  K.  Kononen  (2) 

(1)  Estonian  Marine  Institute,  Estonia  (2)  FIMR,  Finland 
inga@sea.ee/Fax:  +372  6311069 

A  two-week  muitidisciplinaiy  experiment  at  the  entrance  to  the  Gulf  of  Finland  with 
the  aim  to  study  die  development  of  the  late  summer  phytoplankton  bloom  and  the 
controlling  hydrodynamic  mechanisms  was  carried  out  in  July  1996.  During  the  study 
period  a  clearly  deflned  physical  phenomenon  -  an  anticyclonic  eddy  -  was  observed 
The  formation  of  the  anticyclonic  eddy  was  clearly  reflected  in  the  horizontal  patterns 
of  patchiness  of  phytoplankton.  Diazotrophic  cyanobacteria  are  favoured  by  low  DIN 
and  DIP  concentrations  because  of  overcompetition  with  other  planktonic  organisms. 
Proportion  of  cyanobacteria  in  the  plankton  community  was  the  highest  outside  the 
observed  eddy.  The  presumed  vertical  fluxes  in  the  anticyclonic  eddy  appeared  to  be 
sufficient  to  control  phytoplankton  dynamics:  the  flagellates  are  favoured  in  case  of 
continuous  vertical  transport  of  nutrients  and,  therefore,  the  flagellates  abundance  was 
higher  in  the  centre  and  periphery  of  the  eddy.  Wind-induced  vertical  mixing  was 
instrumental  in  bringing  nutrient  pulses  to  the  upper  mixed  layer  outside  of  the  eddy 
and  due  to  these  pulses,  temporal  increases  of  phytoplankton  (especially 
cyanobacterial)  production  was  confirmed.  A  good  correlation  between  preceding  day 
wind  speed  and  the  phytoplankton  primary  production  outside  of  the  observed  eddy 
was  found. 


PROJECTED  DISPLACEMENT  STATISTICS  IN  THE 
OCEAN 

J.H.  LaCasce  (L.P.O.,  IFREMER,  centre  de  Brest,  B.P.  70,  29280 
Plouzane,  France;  jlacasce@ifremer.lr) 

Results  from  numerical  models  of  unforced  barotropic  geostrophic 
turbulence  over  topography  suggest  that  horizontal  mixing  is  pref¬ 
erentially  oriented  along  contours  of  the  mean  PV,  here  flH{x,y). 
This  is  most  obvious  if  one  considers  displacement  statistics  in  a  co¬ 
ordinate  system  defined  by  the  isolines  of  f/H.  Here,  I  discuss  what 
happens  when  one  calculates  such  displacements  for  actual  oceanic 
floats,  and,  in  addition,  regional  and  vertical  variations  of  the  corre¬ 
sponding  statistics.  The  results  indicate  that  oceanic  mixing  is  also 
anisotropic  with  respect  to  f/H,  implying  in  turn  that  topography 
affects  the  spread  of  tracer  in  large  regions  of  the  ocean.  Certain 
statistical  aspects  are  suggestive  of  Eulerian  flows  observed  previ¬ 
ously  in  turbulence  models.  Furthermore,  the  results  lead  naturally 
to  simple  parameterizations  of  horizontal  mixing  in  the  deep  oceam. 


MODELLING  ANNUAL  PLANKTON  DYNAMIC  IN  THE  IONIAN  SEA 
(EASTERN  MEDITERRANEAN) 

E.NapoIitano  (1),  T.Oguz  (2)  and  P.Malanotte-RizzoIi  (3) 

(1)  Istituto  di  Meteorologia  e  Oceanografia,  I.U.N.,  Corso  Umberto  I,  174, 
80138,  Napoli,  Italy 

(2)  Institute  of  Marine  Sciences,  M.E.T.U.,  Erdemli,  Icel,  Turkey 

(3) Department  of  Earth,  Atmospheric  and  Planetary  Sciences, 
Massachusetts  Institute  of  Technology,  Cambridge,  USA 

The  annual  cycle  of  the  plankton  dynamics  in  oligotrophic  Mediterranean 
pelagic  ecosystem,  referring  to  the  Ionian  sea,  is  studied  by  a  one¬ 
dimensional  vertically  resolved  physical-biochemical  upper  ocean  model, 
coupled  with  the  Mellor-Yamada  level  2S  turbulence  closure  scheme.  The 
biochemical  model  involves  interaction  between  the  inorganic  nitrogen 
(ammonium  and  nitrates),  single  phytoplankton  and  zooplankton  groups 
and  detritus.  As  first  step,  under  climatological  forcing  functions  (wind- 
stress,  heat  and  salt  fluxes,  photosynthetic  active  radiance),  the  model 
simulates  main  observed  seasonal  and  vertical  characteristic  features  as 
cold  winter  convection  and  yearly  evolution  of  the  upper  layer 
stratification,  the  annual  cycle  of  phytoplankton  production  with  the 
weak  spring  bloom  and  the  subsurface  phytoplankton  maximum  layer 
stable  in  the  summer  -  early  autumn  period. 


PATHWAYS  OF  NUTRIENT  SUPPLY  TO  THE  OLIGOTROPHIC 
SUBTROPICAL  GYRE:  A  MODEL  STUDY 
A.  Oschlies  (1)  and  V.  Garcon  (2) 

(1)  Institut  fiir  Meereskunde,  Kiel,  D-24105  Germany,  (2)  UMI15566/LEGOS, 
Toulouse,  F-31401  France. 

ao8chli686ifm.uni~kial.da/Fax:  [+49]  431  565876 

Episodic  nutrient  pulses  by  eddy-induced  upwelling  have  been  suggested  to  ex¬ 
plain  why  geochemical  estimates  of  nitrate  supply  to  the  euphotic  zone  are  an 
order  of  magnitude  higher  than  biological  and  physical  ones.  The  present  study 
investigates  the  nutrient  fluxes  into  the  light-lit  surface  layer  of  the  oligotrophic 
subtropical  gyre  with  the  aid  of  an  eddy-resolving  coupled  biological-physical 
model  of  the  North  Atlantic.  The  level  of  eddy  activity  in  the  model  is  varied  by 
assimilating  altimeter  data  and  by  changing  the  parametrization  of  horizontal 
friction.  The  role  of  eddies  in  fueling  biological  production  is  compared  with 
that  of  mean  advection  and  diflerent  representations  of  subgrid-scale  diapyc- 
nal  mixing.  It  is  found  that  eddies  contribute  about  one  third  of  the  nutrient 
input  into  the  subtropical  Atlantic,  but  that  they  can  not  explain  the  large 
observational  discrepancies.  However,  even  within  the  subtropical  gyre  we  find 
substantial  regional  differences  in  net  nitrate  supply,  large  enough  to  consis¬ 
tently  explain  the  different  observations.  The  model  results  are  discussed  with 
special  emphasis  on  North  Atlantic  time  series  and  process  study  sites. 


THE  INFLUENCE  OF  PHYTOPLANKTON  ON  THE  MIXED  LAYER  AND 
SURFACE  HEAT  FLUXES 

P.  Moreno.  I-P.Huot 

Space  Systems  Environment  Analysis  Sectiori,  European  Space  Research  and 

Technology  Centre,  European  Space  Agency 

Fax:+31-71-5655420 

The  amount  of  light  that  is  absorbed  in  the  ocean  is  highly  dependent  on  the 
amount  of  phytoplankton  present.  In  an  ocean  mixed-layer  model  the  ttiick- 
ness  of  the  mixed-layer  is  sensitive  to  the  amount  of  light  that  penetrates  into 
ttie  ocean.  Thus  accurate  modelling  of  the  light  absorption  must  be  included 
in  ocean  mixed-layer  models.  As  a  result,  the  mixed-layer  thickness  and  sur¬ 
face  heat  flux  dependency  on  the  phytoplankton  concentration  can  be  evalu¬ 
ated. 

The  calculations  carried  out  here  to  model  the  surface  heat  flux  and  the 
parameters  that  describe  the  mixed-layer,  are  based  on  Niiler's  1-D  model, 
with  modifications  to  take  into  account  the  concentration  of  phytoplank- 
ton.The  absorption  of  incoming  solar  radiation  is  modelled  accurately  taking 
into  account  the  exact  absorption  properties  of  chlorophyll  as  well  as  a 
dynamic^y  varying  concentration.  The  mixed-layer  and  the  surface  heat 
flux  are  evaluated  using  a  set  of  realistic  boumdary  conditions  with  varying 
windstiess  and  incoming  solar  radiation. 


MODELLING  THE  PHYTOPLANKTON  SUCCESSION  IN  THE 
BARENTS  SEA. 

S.S.Pugalova  and  V.A.Ryabchenko 

Institute  of  Oceanology,  St. Petersburg  Branch,  Russian  Academy  of  Sciences, 
30,  1  Line,  199053  St.Petersburg,  Russia. 
ryaOio .  spb .  su/Fax:  [7]  8122  185  759 

There  is  some  evidence  that  a  succession  towards  a  dominance  of  either  of 
two  prevailing  algal  species  (diatoms  and  PhaeocystU  pouchetitj  can  occur 
during  the  spring  phytoplankton  bloom  in  the  Barents  Sea.  To  clarify  phys¬ 
ical  conditions  at  which  the  succession  happens,  a  five  compartment  (diatoms, 
P.pouchetii,  zooplankton,  detritus  and  dissolved  inorganic  nitrogen)  ecosystem 
model  of  the  upper  mixed  layer  (UML)  is  used.  Two  stages  (solitary  cells  and 
colonies)  of  P.pouchetii  development  are  considered,  each  stage  of  P.pouchetii 
as  well  as  diatoms  being  characterized  by  different  growth  rate  parameters.  The 
model  ecosystem  is  forced  by  the  annual  cycles  of  UML  depth  and  sea  surface 
solar  radiation.  Effects  of  the  presence  of  snow-ice  cover  and  related  changes  in 
the  UML  depth  and  solar  radiation  are  studied.  With  a  snow-ice  cover,  a  heavy 
spring  bloom  of  P.pouchetii  in  May  is  developed,  although  diatoms  dominate 
before  and  after  the  bloom.  With  no  snow-ice  cover,  diatoms  dominate  during 
the  whole  vegetation  period.  The  dramatic  change  in  phytoplankton  communi¬ 
ty  behaviour  is  connected  with  a  decline  in  the  growth  cate  of  P.pouchetii  after 
the  transition  from  the  cell  to  colony  stage:  a  decrease  in  solar  radiation  due 
to  the  light  absorption  in  the  snow-ice  cover  does  not  allow  them  to  reach  high 
concentrations  before  the  transition.  . 
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EDDY  MDCING  AND  BIOLOGICAL  PRODUCTION 
K.  J.  Richards  and  S.  Spall 

SOC,  University  of  Southampton,  European  Way,  Southampton,  S0I4  3ZH, 

U.K.. 

Ecological  models  of  the  upper  ocean  are  often  fitted  to  data  by  running  a  one 
dimensional  version  of  the  model  and  tuning  adjustable  parameters.  However 
observations  show  that  the  physical,  biological  and  chemical  fields  are  very 
variable  in  the  horizontal.  The  variability  at  the  O(lOkm)  scale  is  caused  by 
the  action  of  mesoscale  eddies.  Eddies  mix  water  masses  and  produce  vertical 
movement,  both  of  which  affect  biological  production.  The  affects  of  eddies  on 
production  need  to  be  quantified  in  order  that  miore  robust  ecological  models 
can  be  formulated. 

The  effect  of  eddy  action  on  production  will  be  discussed.  In  particular  results 
will  be  presented  from  a  modelling  study  of  eddy  action  on  production.  An  eco¬ 
logical  model  is  embedded  into  a  physical  model  of  an  unstable  oceanic  front. 
Production  is  increased  by  the  ensuing  eddying  motion.  There  is  also  a  down¬ 
ward  flux  of  material  increasing  the  effectiveness  of  the  biological  pump.  It  is 
found  that  new  production  can  be  directly  related  to  the  vertical  movement 
of  nutrients  into  the  euphotic  zone  caused  by  eddy  action.  A  parametrization 
scheme  based  on  the  eddy  transport  scheme  of  Gent  and  McWilliams  is  devel¬ 
oped  and  tested,  the  results  are  very  encouraging  and  suggest  a  way  of  including 
the  effect  of  eddies  on  biological  production  in  basin  scale  ocean  models. 


PARAMETER  OPTIMIZATION  OF  A  SIMPLE  MARINE 
ECOSYSTEM  MODEL  USING  THE  ADJOINT  METHOD 

M.  Schartau.and  J.  Willebrand 

Institut  fiir  Meereskunde,  Kiel,  D-24105  Germany. 

mscliartauCifm.uni-kiel.de 

The  modeling  of  interactions  Within  a  marine  ecosystem  requires  information 
on  biological  control  parameters.  In  the  present  study  we  have  attempted  to 
determine  a  set  of  various  control  parameters  of  a  zero-dimensional  biological 
NPH  model  (dissolved  inorganic  nitrogen,  phytoplankton  and  herbivores)  such 
that  it  gives  the  best  fit  to  observations.  The  adjoint  method  has  been  used 
which  is  well  suited  for  testing  the  consistency  of  biological  dynamics  with  the 
relevant  observations.  Identical  twin  experiments  revealed  informations  about 
model  sensitivities  close  to  the  reference  pwameter  values.  Certain  parameter 
combinations  were  found  to  be  linearly  dependent  e  g.  assiniilation  efficiency 
and  the  mortality  rate  of  herbivores  (zooplankton).  The  maximum  grazing  rate 
and  the  prey  capture  rate  were  redundant  parameters  for  low  chlorophyll  con¬ 
centrations.  Assimilation  of  observation  from  different  time-series  stations  in 
the  North  Atlantic  showed  the  dominal  influence  of  the  mixed-layer  (ML)  depth 
variation.  A  monthly  mean  ML-depth  variability  results  in  model  parameters 
corresponding  to  a  bottom-up  control  of  the  ecosystem,  whereas  the  inclusion 
of  synoptic  ML-depth  variability  leads  to  top-down  control. 


MODEIJJNC  OFDEPOSITION/RKSUSai'KNSION  PROCESSES  IN 
THE  ENGLISH  CH  ANNEL 

CS.  THOIJZKAU  C.  CHEVALIER  **  and  A.  TEMPERVILLE  * 

'  UMR  CNRS  fi.439,  lUliM,  ihouzcauCi'ca.wis-gw.uiiiv-brcsI.fr 
*  Inslilul  dc  Mdcaniqiic  dc  Grenoble,  LHGI,  04  76  82  52  71 
’present  8ddres.s:  OR.STOM,  cbcrthcl@or.sloin.fr 

ABSTRACT 

Deposition  and  rc.sus|icn.sion  of  particulate  matter  offshore  RoscoiT  (wc.stcm 
Ivnglish  Channel),  were  studied  by  in  situ  measurements  of  sedimentation 
rate  and  physical  modelling  of  dcpo.siiion/resuspen.sion  processes.  Bottom- 
moored  and  free-floating  multiple  sample  programmable  sediment  traps 
were  deployed  to  measure  the  total  downward  .sediment  flux.  Particulate 
matter  sedimentation  showed  short-term  variations  which  were  partly  related 
to  tidal  flow  speed.  Particle  si/c  distributions  measured  over  the  entire 
deployments  were  quite  similar  at  mid-depth  and  close  to  the  bottom.  It 
mainly  reflected  the  abundance  of  .small  particles  in  the  sedimented  material. 
The  transfer  processes  in  the  water  column  along  with  the  depo.sition  and 
resuspension  of  particulate  matter  were  modelled.  Sediment  pr^ction  and 
resaspension  were  evaluate  from  the  fluxes  measured  in  sediment  traps.  The 
rc-sults  obtained  arc  veiy  sensitive  to  the  physical  parameter  values  (vertical 
diffusion  and  particle  fall  velocity). 


A  ONE-DIMENSIONAL  MODEL  STUDY  OF  THE  BIOGEO¬ 
CHEMICAL  SEASONAL  CYCLES  IN  THE  PO  PRODELTA  AREA 
(NORTHERN  ADRIATIC  SEA). 

M.  Vichi  (1),  N.  Pinardi,  M.  Zavatarelli  (1)  and  F.  Ikascari,  C.  Bergamini,  G. 
Matteucci,  M.  Maieaccio  (2) 

(I)  IMGA-CNR,  Via  Gobetti  101,  40129,  Bologna(BO),  Italy,  (2)  IGM-CNR, 
Via  Gobetti  101,  40129,  BoIogna(BO),  Italy. 

Barcalloaimga.bo.cnT.it/Fbx:  [39]  51  6398132 

A  one-dimensional  physical-ecological  coupled  model  (Princeton  Ocean  Model 
-  European  Regional  Seas  Ecosystem  Model)  has  been  succesfuUy  implment^ 
in  a  coastal  area  directly  influenced  by  the  Po  River. 

Mixing  processes  are  mainly  determined  by  the  interaction  between  the  atmo¬ 
spheric  forcing  and  the  river  runoff.  Comparisons  with  observations  show  that 
the  primary  production  seasonal  cycle  is  reproduced  with  large  discrepancies 
during  strongly  mixed  seasons  (autumn- winter),  and  agreement  during  much 
stratified  periods  (spring-summer). 

Sensitivity  analysis  has  been  carried  out  in  order  to  investigate  the  role  of  light 
penetration  in  the  water  column,  that  is  strongly  limited  by  the  suspended  mat¬ 
ter  concentration  characterizing  the  prodelta  coastal  area.  Different  suspended 
matter  forcings  have  been  implemented  and  model  result  intercomparisons  are 
showed. 

Evidence  has  also  been  found  of  a  possible  change  in  the  trophic  web  struc¬ 
ture  during  different  water  column  condition,  showing  a  shifting  between  the 
"classical”  trophic  web  and  the  microbial  loop. 


NEW  PRODUCTION  IN  THE  EQUATORIAL  PACIFIC:  A  COU¬ 
PLED  DYNAMICAL/  BIOGEOCHEMICAL  MODELLING 
A.  Stoens  (1),  C.  Menkes  (1),  Y.  Dandonneau  (1),  L.  Memety  (1)  and  N. 
Grima  (1) 

(1)  Laboratoire  d’Oeeanographie  Dynamique  et  de  Climatologie,  Paris,  France. 
A  simple  3D  biogeochemical  model  was  coupled  to  a  dynamical  model  in  order 
to  simulate  new  production  in  the  equatorial  Pacific  during  1992-1995.  The  bio¬ 
geochemistry  was  modelled  as  a  chlorophyll-modulated  nitrate  sink.  The  model 
was  able  to  reproduce  the  contrasting  regimes  of  the  equatorial  Pacific:  the  bi- 
ologycally  poor  warm  pool  region  and  the  upwelled  richer  waters  further  east. 
A  sharp  saiinity  front  separates  theses  two  regimes.  The  zonal  displacements 
of  the  front  are  associated  with  ENSO  wind  driven  surface  current  variations. 
The  simulation  shows  that  nitrate  front  separates  the  two  regimes  and  this 
front  moves  ill  phase  with  the  salinity  front.  The  model  also  shows  that  nitrate 
front  displacements  are  governed  by  oceanic  circulation. 

However,  the  nitrate  concentrations  are  higher  in  subsurface  waters  than  has 
been  observed  in  the  equatorial  upwelling  region.  Recent  results  of  EqPac- 
JGOFS  strongly  suggest  that  a  significant  part  of  the  dissolved  organic  matter 
escapes  remineralization  and  is  exported.  Our  biogeochemical  model  is  thus 
improved  by  adding  an  explicit  dissolved  organic  nitrogen  compartement. 
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NP3  Transport  and  mixing  in  geophysical  flows 

Convener:  Legras,  B. 

05  Transport  and  mixing  of  chemical  species  in 
the  atmosphere,  including  urban  and  jregional 
problems  in  the  troposphere  and  global-scale 
problems  in  the  troposphere  and  stratosphere 
(co-sponsored  by  OA  &  ST) 

Convener:  Haynes,  P.H. 


ARIMA  MODEL  ESTIMATION  FOR  URBAN  OZONE  AT  THE  CANARY 
ISLANDS  AND  ITS  RELATIONSHIP  WITH  OTHER  POLLUTANTS 

H.  Alonso,  L.  Cana,  B.  Gonaalez,  F.  Sancho 

Physics  Department  ULPGC.  35017  Las  Palmas  de  Gian  Canaria  (Spain) 

Based  on  the  Ozone  houriy  data  and  other  different  pollutants  as  S02,  SPM,  Nitrogen 
Oxides  and  CO  obtained  at  an  urban  station  placed  close  to  a  power  plant  of  Las 
Palmas  de  Gran  Canaria  (Canary  Islands),  an  ARIMA  model  has  been  determined  to 
describe  its  evolution.  First  trend  and  spectral  analyses  using  the  Fast  Fourier 
Tiansfoim  (FFT)  to  detect  the  different  periodicities  have  been  carried  out  Once  the 
model  has  been  identified,  the  different  relationship  between  the  Ozone  and  the  other 
mentioned  pollutants  have  been  determined.  In  order  to  detect  these  relations,  the 
Cross-Correlation  Functions  (CCF)  between  the  different  piewithened  series  have  been 
used.  This  technique  has  allowed  to  determine  the  characteristic  time  dependence  on 
each  one,  caused  by  the  photochemical  transformations  between  the  pollutants, 
showing  different  lags  between  them. 


RELATIONSHIP  BETWEEN  TROPHOSPHERIC  OZONE  AND 
METEOROLOGICAL  PARAMETERS  AT  TAUARTE  (GRAN  CANARIA). 

H.  Alonso,  L.  Cana,  B.  Gonzalez,  P.  Sancho 

Physics  D^artment  ULPGC.  350 17  Las  Palmas  de  Gran  Canaria  (Spain) 

As  it  has  been  pointed  out  in  precedent  studies,  ozone  diurnal  variations  at  Taliarte 
(Canary  Islands)  are  dominate  by  two  different  situations:  trade  winds  and  marine 
breeze.  Besides,  a  well-determined  relationship  between  the  presence  of  trade  winds 
and  low  values  of  ozone  registered  at  Taliarte,  has  been  found.  Multivariate  ARIMA 
model  and  Cross  Correlation  Functions  (CCF)  have  been  determined  to  identify  the 
influence  of  some  meteorological  parameters  in  the  measured  amount  of  ozone  during 
several  situations  without  the  presence  of  trade  winds. 


MULTIVARIATE  MODEL  ESTIMATION  USING  METEOROLOGICAL 
PARAMETERS  FOR  URBAN  POLLUTANTS  AT  GRAN  CANARIA 
(CANARY  ISLANDS). 

H.  Alonso,  B.  Gonzalez,  P.  Sancho 

Physics  D^artmenL  ULPGC.  35017  Las  Palmas  de  Gran  Canaria  (Spain) 

ARIMA  model  have  been  determined  for  several  hourly  series  of  pollutants  at  Las 
Palmas  de  Gran  Canaria.  Dry  temperature,  relative  humidity  and  pressure  have  been 
chosen  as  meteorological  parameters  for  the  input  of  the  mentioned  multivariate 
model.  It  has  been  determined  that  high  values  of  dry  air  temperature  increase  the 
photochemical  transformations  between  the  different  pollutants.  Also,  the  dependence 
of  the  pollutant  transformation  and  the  trade  winds  have  been  identified.  Finally, 
stable,  high-pressure  episodes  have  been  related  to  the  pollutant  persistence  at  the 
urban  atmosphere. 


THERMAL  INVERSION  IMPACTS  ON  THE  MIXING  PROPER¬ 
TIES  OF  THE  LOW  ATMOSPHERE  WITHIN  A  DEEP  VALLEY 

S.  Anquetin  and  J.P.  Chollet 

Laboratoire  des  Ecoulements  Geophysiques  et  Industriels,  Grenoble,  France. 
Sandrins.Anquatinbhng.inpg.fr/Fax:  [33]  476  82  52  71 

Pollution  problems  within  deep  valley  systems  ate  associated  to  low  wind  con¬ 
ditions  with  significant  stratification  including  a  strong  inversion  layer,  which 
reduces  the  exchanges  towards  larger  scales. 

Previous  studies  have  shown  that  the  structure  as  well  as  the  characteristic 
scales  (height,  strength,  and  duration)  of  the  thermal  inversion  within  the  val¬ 
ley  strongly  depend  on  the  season.  These  results  can  be  interpreted  for  urban 
pollution  planning  since  the  dynamics  scales  are  in  the  same  order  of  the  reac¬ 
tive  chemical  processes. 

Our  contribution  deals  with  the  large  eddy  simulations  of  a  complete  diurnal 
cycle  of  atmospheric  flows  within  different  schematic  valleys,  atmosphere. 

The  main  objectives  are  to  point  out  the  influence  of  the  valley  aspect  ratio 
and  the  influence  of  the  shape  (convex  or  concave  V  or  U-shaped  valley)  on 
the  characteristic  scales  of  the  thermal  inversion.  The  impact  on  the  mixing 
properties  of  the  lowest  layers  of  the  atmosphere,  linked  to  the  time  evolution 
of  the  stratification  whitin  the  valley,  is  shown  through  the  visualization  of  the 
iso-concentration  of  a  passive  scalar  emitted  in  the  centre  of  the  valley  during 
three  different  periods  :  at  the  end  of  the  night  (when  the  thermal  inversion  is 
the  strongest  and  when  its  vertical  extension  is  maximum),  at  noon  (when  the 
inversion  is  the  weakest  or  completly  destroyed),  and  at  sunset. 


A  TRACER  CLIMATE  MODEL  BASED  ON  THE  LMDZ  AGCM 
A.  Armengaud  (1),  K.  K.  Andersen  (1,2)  and  C.  Genthon  (1) 

(1)  Laboratoire  de  Glaciologie  et  Geophysique  de  I’Environnement,  38402  Saint- 
Martin-d’Heres  Cedex,  France,  (2)  Department  of  Geophysics,  Niels  Bohr  In¬ 
stitute,  University  of  Copenhagen,  Denmark. 
alezCglaciog.ajf-grenobls.fr 

On  the  basis  of  the  new  LMDz  atmospheric  general  circulation  model  a  tracer 
climate  model  has  been  developped.  The  implicit  scheme  of  the  boundary  layer 
and  the  convective  and  advective  schemes  of  the  GCM  were  altered  to  include 
passive  tracer  transportation.  Furthermore  the  possibilities  of  dry  and  wet  de¬ 
position  as  well  as  radioactive  decay  were  implemented.  The  general  features 
of  this  model  have  been  validated  simulating  the  atmospheric  cycles  of  ’^^Rn 
and  ’‘°Pb,  and  lately  through  the  simulation  of  mineral  dust,  a  tracer  of  more 
climatic  significance.  A  special  feature  of  the  applied  GCM  u  the  ability  of 
applying  a  stretched  grid.  This  means  that  the  resolution  can  be  increased  to 
near  mesoscale  over  specific  areas  of  interest,  with  the  model  remaining  global 
at  reasonable  computational  cost. 
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TWO  YEARS  LIDAR  AEROSOE  MEASUREMENTS  AT  THESSALONIKI, 
GREECE 

D.  Balis  (1).  A.  Papayaimis  (2),  E.  Galani  (1),  F.  Marenco  (3),  V.  Santasecaria  (4). 
I.  Ziomas  (1)  md  C.  Zercfos  (1) 

(1)  laboratory  Atmospheric  Physics,  Aristotle  Uniwrsily  of  Thessaloniki,  Greece 

(2)  Physics  Department,  National  Technical  University  of  Athens,  Greece 

(3)  ESA,  Netherlaiids 

(4)  CNR-IROE,  Italy 
Email:  baiis@ccf.auth.gr 

Measurements  of  the  vertical  lower  tropospheric  profile  of  the  aerosol 
backscattering  coefficient  have  been  perform^  at  the  city  of  Thessaloniki,  since 
1996  using  a  ground-based  backscattering  lidar  system  operating,  simultaneously, 
at  3S3  nm  and  S32  nm.  Measurements  have  been  carried  out  throughout  the  year 
around  local  noon  hours  and  during  extensive  time  periods.  The  different  aerosol 
loads  and  their  vertical  extension  in  the  uibnn  tower  troposphere,  between  the 
“warm"  and  “cold"  periods  over  Thessaloniki  are  discussed  Case  studies  of  the 
diurnal  evolution  of  the  aerosol  layer  over  the  city  of  Thessaloniki  have  been 
e.xamined  under  different  meteorologicat  conditions  prevailing  in  the  area.  From 
the  analysis  of  these  studies  the  origin  of  the  aerosol  layer  is  indicated  and  the 
evolution  of  the  bonndary  layer  over  the  site  is  described  Two  cases  are  also 
presented  when  dust  lifted  from  Sahara  desert  was  transported  over  the  measuring 
site.  The  height  of  this  layer  was  determined  between  3-»  km  and  the  optical  depth 
at  532  nm  of  the  Sahara  dust  layer  was  found  to  be  of  the  order  of  0. 1 . 


MODEL  HIERARCHY  FOR  THE  DETERMINATION  OF  METEO¬ 
ROLOGICAL  AND  CHEMICAL  PROCESSES 

Sasanne  Bauer.  Barbel  Langmann  and  Daniela  Jacob 
Max-Planck-Institut  fOr  Meteorologie,  D-201 46  Hamburg 
susanne.bauet@dkrz.de 

The  global,  regional  and  local  scale  model  hierarchy  ECHAM-REMO-GE- 
SIMA  is  being  developed  to  improve  the  understanding  of  formation  pro¬ 
cesses  of  photooxidants  together  with  the  changing  oxidizing  capacity  of  the 
atmosphere  especially  in  the  European/German  area.  The  models  are  coupled 
every  6h  (global-regional)  up  to  Ih  (regional-local)  by  one-way  nesting,  mete¬ 
orology  and  chemistry  is  determined  simultaneously  (on-line). 

A  summer  smog  episode  in  1994  was  chosen  for  a  first  application  of  the  mes- 
oscale  part  of  the  model  system  (REMO-GESIMA).  Pieliminaty  results 
focussing  on  ozone  prediction  and  scale  dependence  of  several  trace  gas  dis¬ 
tributions  are  subject  of  interest.  For  the  future  it  is  planed  to  use  the  complete 
model  hierarchy  for  analyzing  climate  and  emission  szenarios  based  on  global 
simulations  with  the  climate  model  ECHAM. 


ON  THE  MODELLING  OF  CLIMATOLOGICAL  CHARACTER¬ 
ISTICS  OF  PHOTOCHEMICAL  SMOG  IN  BOHEMIAN  BASIN 

J.  Bednar,  J.  Brechler  and  T.  Halenka 

Dept,  of  Meteorology  and  Environment  Protection,  Fac.  of  Mathem.  and 
Physics,  Charles  University,  V  Holesovickach  2,  180  00  Prague  8,  Czech  Rep.. 
tonas.halankaCiaff.cttni.cz/Fax;  [-(■420  2]  2191  2533 
The  transport  of  air  pollution  on  the  regional  scale  (Bohemian  region)  is  pre¬ 
sented.  The  results  of  Charles  University  puff  model  for  the  imission  assessment 
are  used  to  give  information  on  the  concentration  fields  of  ozone,  nitrogen  ox¬ 
ides  and  other  ozone  precursors.  Current  version  of  the  model  covers  up  to 
16  compounds  and  it  is  based  on  trajectory  computation  using  climatologi¬ 
cal  wind  coses  and  puff  interaction  both  by  means  of  Gaussian  diffusion  mixing 
and  chemical  reactions  of  species  mentioned  above.  The  alternative  approach  in 
terms  of  episodes  studies  can  be  solved  as  well,  i.e.  appropriate  meteorological 
data  can  be  used  to  estimate  immision  characteristics  both  for  episodes  analysis 
and,  in  case  of  connection  to  meteorological  model  forecast,  the  prediction  of 
future  air  quality  conditions. 
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ADAPTIVE  PARCEL  ADVECnON 
M.Bithell  and  S.J.Pepler 

Rutherford  Appleton  Laboratory,  chilton,  Didcot,  Oxon,  0X11 OQX, 
ENGLAND 

M.BitheU9rLac.uk  /Fax:  -1-44  (0)  1235  445848 

We  present  a  method  for  performing  trajectory  analyses  using  an  adaptive 
irregular  mesh  to  allow  refinement  of  die  resolution  of  die  flow.  We  keep 
track  of  nearest  nei^ibours  using  Delaunay  trianguladon.  Where  parcel 
densities  drop  below  a  critical  value,  extra  parcels  can  be  added.  Similarly 
parcels  can  be  removed  where  the  density  exceeds  a  direshold.  The  cridcM 
value  can  be  set  using  geographical  information,  (e.g.  more  parcels  in  the 
Northern  hemisphere),  dynamical  quantities  (e.g.  sh^  in  die  flow  field), 
tracer  gradients,  or  other  desired  parameters.  Arbitrary  movring  boundaries 
can  be  included  to  confiM  the  parcels  to  a  pre-defined  regioa  Variable 
Hmesteps  are  incorporated  to  allow  for  die  changes  in  resolution  from  place 
to  place.  The  technique  can  be  used  in  two  or  three  dimensions.  We  cmnpare 
two-dimensional  results  with  contour  advection  calculations  by 
concentrating  the  parcel  density  close  to  a  fixed  value  of  a  tracer  initialized 
using  die  potentiM  vorticity  on  an  isentropic  surface.  The  potential  for 
extension  of  the  mediod  to  a  full  dynamical  niodel  will  be  discussed. 


HIGH  RESOLUTION  FORECASTS  OF  POLAR  STRATO¬ 
SPHERIC  OZONE  USING  THE  CANADIAN  GLOBAL  ENVI¬ 
RONMENTAL  MULTISCALE  MODEL 

G.  Brunet  (1),  S.  Gravel  (2),  M.  Roch  (3),  P.  Gauthier  (4),  S.  Pellerin  (5),  N. 
Ek  (6)  and  S.  Edouard  (1) 

(1,2, 3,4,5, 6)  Meteorological  Research  Branch,  Environment  Canada,  2121 
Trans-Canada  Highway,  5th  Floor,  Dorval,  Quebec,  CANADA  H9P  1J3. 
dalyOlinmpi.Bpg.da/Fax;  [49]  5556  979  240 

Preliminary  high  resolution  forecasts  of  polar  stratospheric  ozone  are  presented 
using  the  Global  Environmental  Model  (GEM),  an  innovative  model  oper¬ 
ationally  used  at  the  Canadian  Meteorological  Center.  Here  we  use  it  in  a 
regional  configuration  where  the  resolution  is  focused  over  either  one  of  the 
polar  regions,  to  study  the  effect  of  resolution  on  a  simple  stratospheric  ozone 
chemistry.  Both  the  sensitivity  to  the  horizontal  and  vertical  resolutions  ate 
examined  by  considering  uniform  50  km  and  25  km  horizontal  meshes  over  the 
area  of  interest,  and  by  increasing  the  number  of  vertical  levels  in  the  strato¬ 
sphere.  The  UKMO  analyses  are  used  to  initialize  the  dynamical  variables  of  the 
model  while  analyses  based  on  total  ozone  data  from  the  Global  Ozone  Moni¬ 
toring  Experiment  (GOME)  provide  the  initial  conditions  for  chemistry.  These 
univariate  analyses  of  ozone  were  obtained  with  a  3D-variational  assimilation 
(3D-vat)  developed  out  of  the  CMC  operational  3D-var.  The  EOF  associated 
to  these  analyses  are  also  presented  to  assess  the  quality  of  the  assimilation 
system." 


RELATIONSHIP  BETWEEN  METEOROLOGICAL  PARAMETERS  AND 
SYNOPTIC  CONDITIONS  WITH  EPISODIC  PERIODS  AT  SANTA  CRUZ  DE 
TENERIFE  (CANARY  ISLANDS) 

L.  Canal,  H.  Alonsol,  A.  Diaz2,  P.  Sanchol 

1  Physics  Department  ULPGC.  Las  Palmas  de  Gran  Canaria  (Spain) 

2  Physics  Department  Universidad  de  La  Laguna.  Tenerife  (Spain) 

Through  the  use  of  the  data  provided  by  an  urban  pollutant  measurement  station 
placed  close  to  a  refinery  plant  at  Santa  Cruz  de  Tenerife  (Spain),  several  high 
pollutant  concentration  episodes  have  been  analysed.  The  data  provided  by  a  captive 
balloon  have  been  plotted  on  a  Skew  T  9  Log  p  thermodynamic  diagram  to  describe 
the  typical  conditions  of  the  lower  layers  of  the  atmosphere  for  each  day  analysed. 
Once  these  conditions  have  been  determined,  the  synoptic  patterns  related  to  all  these 
situations  have  been  identified.  A  S-SE  wind  flow  related  to  a  high-pressure  area 
placed  at  the  Saharian  area  gives  a  subsidence  inversion  at  the  lower  layers  of  the 
atmosphere.  Both  features  depict  the  typical  conditions  related  to  these  episodic 
situations. 
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OBSERVATION  OF  ATMOSPHERIC  BOUNDARY  LAYER 
CHARACTERISTICS  OVER  AN  URBAN  SITE 
P.  Castracane  (1),  M.  P.  Rao  (2),  S.Casadio  (1),  M.  Cacciaui  (1),  P.G. 
Calisse  (1)  and  G.  Fiocco  (1) 

(1)  Dipartimento  di  Fisica,  Univaersitk  di  Roma  ‘‘La  Sapienza**,  Roma,  Italy, 

(2)  Department  of  Physics,  Andhra  University,  Visakhapatnam*530003,  India. 
pcastraCg24uz . tci .tthiroaal . it 

The  diurnal  evolution  of  urban  boundary  layer  over  the  central  area  of  Rome 
was  observed  by  the  simultaneous  and  co-Iocated  operation  of  a  Doppler  sodar 
and  a  microwave  ratiometer.  The  Doppler  sodar  was  configured  to  provide  a 
wind  profile  up  to  about  900  m  for  every  6  s  with  a  height  resolution  of  27 
m,  and  a  time-height  picture  of  the  thermal  structure  of  the  urban  boundary 
layer.  The  radiometer  provided  a  temperature  profile  up  to  600  m  for  every  120 
s  with  a  height  resolution  of  50  m.  The  experiment  was  conducted  for  a  period 
of  30  days  in  the  years  1996  and  1997.  Although  the  daytime  urban  boundary 
layer  was  mostly  characterized  by  the  development  of  thermal  plume  structures 
up  to  a  height  of  about  700  m,  the  nocturnal  urban  boundary  layer  showed  a 
variety  of  features  including  the  occurrence  of  Kelvin-HellM^ltz  waves,  solitary- 
type  waves,  multiple-layers,  etc.  The  occurrence  of  surface-based  inversions  was 
found  to  be  rare.  The  height  of  the  urban  boundary  laye!  r  during  night-time 
was  around  300  m  and  was  near-adiabatic  to  isothermal  in  character.  Some 
typical  case  studies  are  discussed. 


A  STUDY  OF  LAGRANGIAN  TRANSPORT  IN  A  WIND 
DRIVEN,  3-LAYER,  EDDY-RESOLVING  GENERAL  CIRCULA¬ 
TION  MODEL  USING  DYNAMICAL  SYSTEMS  THEORY 

C.  Coulliette  (1),  S.  Wiggins  (1),  S.  Wiggins  (1)  and  K.  Ide  (2) 

(I)  Control  and  Dynamical  Systems  107-81,  California  Institute  of  Technol¬ 
ogy,  Pasadena  CA  91125  USA,  (2)  Department  of  Atmospheric  Sciences  and 
Institute  of  Geophysics  and  Planetary  Physics,  University  of  California,  Los 
Angeles,  Los  Angeles,  CA  90095-1565. 
vigginsQcds .  caltech .  «du/Fax:  626-796-8914 

We  study  the  flow  obtained  from  a  3-layer,  eddy-resolving  general  circulation 
model  subject  to  an  applied  wind  stress  curl.  For  this  model  we  will  consider 
transport  between  the  northern  and  southern  ‘‘gyres"  separated  by  a  jet.  We 
will  focus  on  the  importance  of  invariant  manifolds  in  forming  geometric  struc¬ 
tures  that  govern  transport.  By  "govern”,  we  mean  they  can  be  used  to  compute 
Lagrangian  transport  quantities,  both  deterministic  and  statistical.  We  will 
consider  periodic,  quasiperiodic,  and  chaotic  velocity  fields,  and  thus  assess  the 
effectiveness  of  dynamical  systems  techniques  in  flows  with  progressively  more 
spatio-temporal  complexity.  The  significance  of  invariant  manifolds  as  signa¬ 
tures  of  specific  “events” ,  such  as  rings  pinching  off  from  a  meansering  jet,  will 
also  be  discussed.  The  relation  of  these  concepts  to  potential  vorticity  dynamics 
be  considered. 

This  research  is  supported  by  the  Office  of  Naval  Research  through  contract 
number  NOOO 14-97-1-0071. 


A  comparison  of  flight  measurements  from  Summer  *97  with 
TOMCAT 

Maurette  Cahill^.  P.H.Plantevin',  K.S.  Law*,  DJE.Shallcross*, 
M.Chippcrfield*,  M.  Evans*.  J.A.Pyle*,  C.  Gerbig^,  H.Richei^, 
S.Bauguitte'*,  B.Ban(%r^,  G.Mills^,  S.  Penkett'*. 

*CeatTe  for  Atmospheric  Science.  University  of  Cariibridge.  UK 
^  Forschungszentnun  Juelich,  Juelich,  Gemiany . 

^UK  Meteorological  Office,  Bracknell,  UK. 

*  University  of  East  Anglia,  UK. 
mauiette@atin.ch.cam.ac.uk  Fax  +44  1223  336362 

In  the  summer  1997  a  large  number  of  aiicarft  flights  took  place  over  the  North 
Atlantic  ocean  Ipoking  at  the  transport  of  pollutants  from  continental  regions. 
The  flights  were  for  a  number  of  campaigns  including  the  NERC  ACSOE. 
Measurements  of  important  tropospheric  ^cies  were  made,  including  ozone, 
NOx,  and  carbon  monoxide.  Our  Cambridge  ofl-line  3-D  tropospheric  model, 
TOMCAT,  was  compared  directly  with  the  measurements  made  along  flight 
tracks.  TOMCAT  has  a  detailed  description  of  tropospheric  chemistry. 
ECMWF  meteorological  analyses  are  used  to  force  the  nitxlel  transport,  for  the 
period  June  to  October  1997. 

The  flights  were  made  in  airmasses  of  different  origin  exhibiting  different 
chemical  signatures. 


SENSITIVITY  OF  OZONE  PHOTOCHEMISTRY  IN  A 
POLLUTED  AREA 

C.Honord  and  R-Vautard 

Laboratoiie  de  Mftdorologie  Dyoamique,  Ecolc  Noimale  Sup6rieure,  Paris, 
France 

cecile@Imd.eos.fi' 

We  study  the  sensitivity  of  ozone  concentrations  in  an  urban  area  to  several 
parameteis  using  a  chemistry-traospoit  box  model.  First,  the  influence  of 
meteorolodcal  nictois  such  as  mean  wind  intensity,  cloudiness  and  mixed- 
layer  bci^t  is  examined.  Then,  various  upstream  emission  rates  of 
nitrogen  oxides  and  hydrocarbons  are  consiomd.  Finally,  we  take  into 
account  difierent  vertical  mixing  processes  -  namely  local  vs  non-local 
processes  -  within  flic  urban  boundary-layer  using  die  transilient  theory 
i^roacb.  The  effects  of  these  parameters  are  studied  with  respect  to  the 
mean  chemical  reactivity  as  well  as  die  existence  of  low  and  liigh  NQx 
photochemical  states  in  the  urban  boundary-layer. 


DISPERSION  THROUGH  LARGE  GROUPS  OF  OBSTACLES 

O.  Isnard  and  R.J.  Perkins 
LMFA/ECL,  Ecully  -  France. 

isnardenacafla.ec-lyon.tr/Fax;  [+33]  (0)4  78  33  13  80 

Although  there  have  been  many  studies  of  the  flow  around  isolated  buildings, 
much  less  is  known  about  the  effect  of  groups  of  obstacles  on  the  flow  and 
dispersion  in  the  atmospheric  boundary  layer.  For  many  practical  calculations 
it  is  not  feasible  to  represent  all  the  obstacles  individually,  and  in  such  cases  it  is 
necessary  to  model  the  collective  effects  of  the  obstacles.  The  aim  of  this  study 
is  to  investigate  the  influence  of  the  topology  of  the  flow  -  the  convergence 
and  divergence  of  the  streamlines  of  the  mean  flow  -  on  the  dispersion  of  a 
passive  scalar.  We  consider  here  a  two-dimensional  flow  containing  solid  squares 
organized  into  different  tegular  configurations  (aligned,  staggered).  The  mean 
flow  through  the  group  of  obstacles  is  computed  using  a  potential  flow  model, 
based  on  the  ‘Vortex  Panel’  method.  The  turbulent  dispersion  of  a  passive 
scalar  from  a  point  source  is  computed  by  coupling  the  mean  flow  model  with  a 
stochastic  'Random  Flight’  model.  We  investigate  the  influence  of  obstacle  size 
by  varying  H  whilst  keeping  the  porosity  constant.  In  this  case  the  obstacle  size 
determines  the  spacing  between  the  obstacles.  It  should  also  have  an  influence 
on  the  length  scale  of  turbulence,  since  it  can  be  expected  that  the  obstacles  will 
block  motions  at  scales  larger  than  themselves.  The  results  provide  parametric 
acalings  for  the  effects  of  conflguration  and  obstacle  size  on  the  behaviour  of  a 
plume  of  pollutant 


STRATOSPHERIC  OZONE,  NITROGEN  DIOXIDE  and 
TEMPERATURE  MEASUREMENTS  at  (44N,  HE)  DURING  1996-’97 

l.Kostadinov**  ,G.Giovanelli\  F  Jtavegnani\  F.EvzngeIisti\  PAgostini', 

V.CuzzoIa',  P.Bonasoni^ 

*STn.-  Bulgarian  Academy  ofScience,  Base  Observatory.,  6000  StaraZagora, 
Bulgaria.  E-mail:  ivan@o3.risbaLbo.cnr.it 
*nSBAT-CNR,  Via  Gobeni, 101, 40129,  Bologna,  Italy, 

*£NEA  C.R.  Brasimone,  40032  Camugnano  (BO),  luily.  E-mail; 
agostini@netbra.bra5imone.eneait 

The  future  trend  of  stratospheric  ozone  at  mid  and  low  latitudes  is  subject  of 
incteasing  scientific  inleresL  It  is  a  subsequent  of  the  need  to  clarify  better  the  ozone 
loses  caused  by  the  local  processes  from  the  loses  invoked  by  horizontal  or  vertical 
transport  or  from  other  fltetots  contributing  to  ozone  depletion. 

The  present  paper  deals  with  ground-base  measurements  of  stiatospheric  ozone, 
nitrogen  dioxide  and  temperature  profile  carried  out  during  two  yean  period.  The 
stiatospheric  ozone  and  temperature  data  are  collected  by  mearu  of  ECC  and 
temperanire  senson  mounted  on  sondes,  launched  regularly  at 
SLP.Capofiume(44.6SN,  11.5N  )  WMO  ff297station.  The  lidar  measurements  at 
Brasimone  (44.I8N.  10.7E)  supply  upper  stratosphere  and  low  mesosphere 
temperature  data.  NOj  rfata  are  provided  from  DOAS  measurements  in  407+460nm 
spectral  interval,  carried  out  in  Bologna  (44.5N,  11.28E}  and  MLCimone  (44.2N, 
10.JE) 

The  obtained  experimental  data  are  analysed  and  compared  to  satellite  data  and 
models  predictions  to  look  for  transport  and  dynamic  influence  upon  seasonal  ozone 
variations. 
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ATMOSPHERIC  OZONE  LINE  OBSERVATIONS  IN  A  FRE¬ 
QUENCY  RANGE  OF  90-110  GHZ. 

A.G.KisIyakov,  D.V.Savel’ev  and  E.I.Shkelev 

State  University,  23  Gagarin  Ave,  Nirhny  Novgorod,  603600  Russia. 

The  results  of  ozone  line  observations  conducted  at  Nizhny  Novgorod  (Russia) 
during  1996-97  are  presented.  3"'"’  spectral  line  radiometer  has  been  employed 
with  the  frequency  resolution  of  2  MHz  and  system  noise  temperature  of  1200  K. 
4  ozone  lines  were  observed  with  the  resonant  frequencies  of  96228,  101736, 
103878  and  110836  GHz  as  the  most  intensive  lines  in  operating  waveband. 
Two  first  lines  are  observed  systematically  since  February,  1996,  till  present 
time.  The  main  objective  of  this  project  is  to  obtain  the  reciprocal  intensities  of 
ozone  lines  belonging  to  different  transitions.  Such  measurements  are  supposed 
to  be  informative  on  the  energy  levels  distribution  of  ozone  molecules.  In  turn, 
this  is  important  for  an  adequate  estimation  of  ozone  integral  content  and 
density  profile.  Average  measured  value  of  101736/96228  line  intensities  ratio 
equals  to  2.11±0.38  in  comparison  with  its  theoretical  value  of  1.8  (under  LTR 
conditions).  Two  other  ratios  ate  0.5o±0.15  (103878  line)  and  2.16±0.8  (110836 
line)  as  regards  to  the  same  96228  GHz  line.  Corresponding  theoretical  ratios 
are  0.6  and  2.5.  Under  observations,  a  significant  deviation  in  ratios  from  their 
mean  values  were  revealed  presumably  due  to  changes  in  physical  conditions  of 
atmosphere. 


stratospheric  ozone,  NITROGEN  DIOXIDE  and 
TEMPERATURE  MEASUREMENTS  at  (44N,  HE)  DURING  1996-’97 

j.KosBdinov**  ,G.Giovanelli‘,  F.Ravegiiani*,  F.EvangeIisti‘,  PAgostini', 

V.Cuzzola',  PRonasonP 

•STIL-  Bulgarian  Academy  of  Science,  Base  Observatory.,  6000  SlaraZagota, 
Bulgaria,  E-mail:  ivan@o3.fisbatbo.cnr.it 
‘FISBAT-CNR,  Via  Gobetti.lOl,  40129,  Bologna,  Italy, 

•ENEA  C.R.  Btasimone,  40032  Camugnano  (BO),  Italy,  E-mail: 
agostini@nelbia.brasimone.enea.it 

The  future  trend  of  stratospheric  ozone  at  mid  and  low  latinides  is  subject  of 
increasing  scientific  interest  It  is  a  subsequent  of  the  need  to  clarify  better  the  ozone 
loses  caused  by  the  local  processes  from  the  loses  invoked  by  horizontal  or  vertical 
transport  or  from  other  factors  contributing  to  ozone  depletion. 

The  present  paper  deals  with  ground-base  measurements  of  stratospheric  ozone, 
nitrogen  dioxide  and  temperature  profile  carried  out  during  two  years  period.  The 
stratospheric  ozone  and  temperature  data  are  collected  by  means  of  ECC  and 
temperature  sensors  mounted  on  sondes,  launched  regularly  at 
St.P.Capofiume(44.65N,  ll.SN  )  WMO  #297station.  The  lidar  measurements  at 
Btasimone  (44.I8N,  10.7E)  supply  upper  stratosphere  and  low  mesosphere 
temperature  data.  NOj  data  are  provided  from  DOAS  measurements  in  407+460nm 
spectral  interval,  carried  out  in  Bologna  (44.5N,  11.28E)  and  MtCimone  (44  JN, 
I0.SE) 

The  obtained  experimental  data  are  analysed  and  compared  to  satellite  dau  and 
models  predictions  to  look  for  transport  and  dynamic  influence  upon  seasonal  ozone 
variations. 


ENSURING  ECOLOGICAL  SAFETY  OF  MOTOR  TRANSPORT  IN  URBAN 
OF  CONDITIONS. 

T.S.  Kozhanov,  M.  Kazimov,  S.  Bekbosinov 

Kazak  State  Agrarian  University,  Almaty  480100,  av.  Abai  8. 

Analysis  of  ecosystems  condition  is  conducting:  "Human  being + car + environment" 
of  a  city  as  operating  environment  of  motor  transport  Adaptation  of  operation  and 
system  parameters  of  a  fuel  supply  system  of  engines  of  modem  cars  to  the  concrete 
condition  of  their  operating  are  determined.  Structure  analysis  of  mathematical  model 
was  made.  Foundation  of  schemes  and  parameters  of  pollution  indicator  of  air  filters 
of  engine  fuel  supply  system  are  given.  Specified  technical  actions  on  raising  of 
ecological  safety  of  modem  cars  in  conditions  of  city. 


On  the  importance  of  horizontal  resolution  and  mixing  in 
the  modeling  of  the  impact  of  aircraft  emissions 

J.-F.  Lamarque  and  P.G.  Hess  (National  Center  for  Atmospheric 
Research,  P.O.  Box  3000,  Boulder, CO  80307-3000,  U.S.A) 

Mixing  in  the  atmosphere  is  critical  for  the  chemical  evolution  of 
the  air  contained  in  a  plume.  In  particular,  if  the  mixing  is  much 
faster  .than  the  timescale  associated  with  chemistry,  then  it  can  be 
expected  that  the  chemical  state  of  the  atmosphere  will  rapidly  be 
equivalent  whether  the  emissions  were  initially  confined  to  a  plume 
or  instantaneously  diluted.  This  dilution  is  implicitly  related  to 
the  resolution  at  which  the  emissions  are  distributed  in  a  model. 
Using  a  two  dimensional  chemistry/transport  model,  the  problem 
of  emissions  mixing  is  studied  in  application  to  aircraft  emissions. 
The  modeled  impact  of  aircraft  emissions  is  shown  to  be  dependent 
on  the  horizontal  resolution  at  which  the  emissions  are  input  into  a 
model.  Over  the  scales  and  for  the  conditions  studied,  the  artificial 
dilution  of  the  emissions  due  to  their  inadequate  representation 
in  coEirse  resolution  models  enables  a  more  efficient  reaction  from 
NOx  (=  NO  -I-  NOj)  to  HNOx  (=  HNOj  -I-  HNO3  +  HNO^). 


TELLURIC  LINE  OF  NaO  AS  AN  INDICATOR  OF  ATMO¬ 
SPHERIC  TRANSPORT 

A.G.KisIyakov  (1),  D.V.Ssverev  (1),  E.I.Shkelev  (1),  I.V.Lapkin  (2), 
V.F.Vdovin  (2)  and  V.L.Vaks  (3) 

(1)  State  University,  23  Gagarin  Ave,  Nizhny  Novgorod,  603600  Russia,  (2)  Ap¬ 
plied  Physics  Institute,  46  Ulyanov  str.,  GSP-120  Nizhny  Novgorod,  603000 
Russia,  (3)  Institute  for  Micro  Physics,  GSP-105  Nizhny  Novgorod,  603600 
Russia. 

Nitrous  oxide  rotational  lines  were  calculated  using  modern  in  situ  data  on 
its  vertical  distribution  in  Earth’s  atmosphere.  These  lines  width  and  inten¬ 
sity  subject  to  variations  due  to  changes  in  NaO  density  profile.  In  equatorial 
atmosphere,  the  mean  value  of  line  width  equals  to  ^0.6  GHz  insreasing  up 
to  ~0.9  GHz  at  moderate  latitudes.  This  is  a  sequence  of  stratosphere  be¬ 
ing  more  rich  of  nitrous  oxide  in  equatorial  zone  than  at  moderate  latitudes 
owing  to  correspondent  difference  in  convection.  It  implyes  the  NaO  line  pos¬ 
sible  variations  even  at  moderate  latitudes,  if  the  atmospheric  transport  has 
changed.  This  conclusion  is  supported  with  the  results  of  NaO  line  observations 
conducted  at  Nizhny  Novgorod  (Russia)  during  March-May  of  1997.  A  3-mm 
spectral  radiometer  was  employed  with  the  system  temperature  as  high  as  1200 
k.  The  spectra  were  taken  with  2  MHz  resolution  using  the  30-channeI  filter 
spectrometer.  Nitrous  oxide  rotational  line  (J=3-+4  transition  corresponding 
to  the  resonant  frequency  of  ~100,5  GHz)  shows  variations  in  its  optical  depth 
decrement  measured  at  the  frequency  shift  of  25  MHz  from  the  resonance.  Dur¬ 
ing  the  observations,  the  decrement  has  increased  by  3-5  times  thus  implying 
the  significant  redistribution  of  N2O  in  a  height  region  of  20-r55  km. 


THE  SWISS  EPFL  LIDAR  IN  THE  EU  WINTEX  PROT  STUDY. 

O.  Larchevtque,  V.  Simeonov,  H.  van  den  Bergh  and  B.  Calpini 
EPFL,  DOR  -  LPAS,  CH  - 1050  Lausanne,  Switzerland. 
bertrand.calpmi@epfI.cli/Fax :  4-t41  21 693 J145 

The  contribution  of  particulate  matters  as  Mie  scatteis  on  UDAR  measurements  is 
know  to  be  an  efficient  tracer  for  the  planetary  boundaiy  layer  (PBL)  height  and 
development  in  polluted  regions.  A  similar  approach  was  proposed  for  the  WINTEX 
study  in  March  97  at  Marsta,  Sweden,  but  for  very  clean  boreal  air  conditions.  In 
case  of  clouds  covering  at  the  height  of  the  inversion  layer,  this  aerosol  UDAR, 
operated  at  532nm  (total  backscatteted)  and  35Snm  (polarized),  could  follow  and 
retrieve  this  height,  while  in  clear  sky  conditions,  this  PBL  height  tends  to  be  more 
difficult  to  detect  Different  meteo  conditions  will  be  presented,  in  particular  the 
increase  of  the  mixing  height  in  the  early  afternoon  due  to  the  solar  warming  up  of 
the  ground. 
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AEROSOL  STUDIES  OVER  NORTH  ATLANTIC 

V.  N.  Lulcashin  (1),  A.B.  Isaeva  (1),  V.V.Serova  (1),  V.YU.  Gordeev  (I)  and 
R.  Stein  (2) 

(1)  P.  P.  Shirshov  Institute  of  Oceanology,  Moscow,  (2)  Alfred-Wegener- 
Institute  fur  Polar-  und  Meeresforschung. 

Concentration  and  composition  of  aerosols  in  the  North  Atlantic  were  stud¬ 
ied.  There  are  data  on  particle  sizes,  contents  of  C,  N,  P,  Si  and  Al,  results 
of  REM-EDAX  analysis.  It  is  showed  that  lithogenic  component  contents  de¬ 
crease  and  organic  increase  when  going  off  the  continents.  Comparing  of  mineral 
component  fluxes  from  atmosphere  to  the  sea  surface  with  rate  of  sediment  ac¬ 
cumulations  ("absolute  masses")  on  the  floor  evidences  about  important  of  the 
aerosols  for  the  ocean  sedimentation. 


COUPLING  BETWEEN  CHEMISTRY  AND  MIXING 
IN  A  SIMPLE  REACTION  DIFFUSION  SYSTEM 

D.  McKenna 

Institut  fiir  Stratospharische  Chemie  (ICG-1), 

Forschungszentrum  Jiiiich,  Germany 
d.mckenna@fz-jueIich.de/Fax:  -b49-2461-615346 

For  many  years  the  environmental  concentration  of  OH  has  been  estimated 
from  the  differential  change  in  concentrations  of  hydrocarbons  of  differing  activ¬ 
ity.  The  normal  approach  is  based  on  the  simplifying  assumption  that  chemical 
and  transport  processes  are  seperated.  However  consideration  of  the  continuity 
equation  for  a  reactive  species  with  source  and  sink  terms  leads  to  the  conclu¬ 
sion  that  this  simplifying  assumption  is  not  generally  valid.  In  this  paper  new 
analytic  solutions  to  some  steady  state  diffusion  equations  will  be  presented 
and  it  will  be  shown  that  thS  seperability  assumption  of  the  observational  OH 
studies  is  valid  for  all  practical  purposes.  The  concept  of  a  coupling  constant 
that  is  a  simple  function  of  the  equation  constants  will  be  introduced.  Finally 
it  will  be  shown  that  when  values  of  the  coupling  constant  more  appropriate 
to  large  scale  numerical  models  are  employed  the  likelyhood  of  interactions 
between  chemical  and  mixing  processes  is  much  more  likely. 


GREENHOUSE  GASES  IN  THE  LMD-Z  GENERAL  CIRCULA¬ 
TION  MODEL 

P.  Mercier  (Service  d’Aeronomie,  BI02,  Univ.  Paris  6, 4,  place  Jussieu,  75252 
Paris  cedex  05,  France) 

F.  Hourdin  (Laboratoire  de  Meteorologie  Dynamique,  B99,  Univ.  Paris  6,  4, 
place  Jussieu,  75252  Paris  Cedex  05,  France) 

0.  Boucher  (Laboratoire  d’Optique  Atmospherique,  UFR  de  Physique,  Bat  P5, 
Universite  de  Lille  I,  59655  Villeneuve  d’Ascq  Cedex,  France) 

M.  Pham,  D.  Hauglustaine,  C.  Granier  (Service  d’Aetonomie,  B102,  Univ.  Paris 
6,  4,  place  Jussieu,  75252  Paris  cedex  05,  France) 

In  order  to  investigate  the  climate  effect  of  greenhouse  gases  in  an  interactive 
way,  greenhouse  gases  have  been  introduced  in  the  new  version  of  the  general 
circulation  model  LMD-Z  developed  by  the  Laboratoire  de  Meteorologie  Dy- 
namique  (LMD). 

This  preliminary  study  presents  the  distributions  of  CH4,  N20,  CFCll,  and 
CFC12  as  simulated  by  LMD-Z. 

Surface  emissions  map  for  these  gases  are  provided  by  the  up-dated  emissions 
inventories  of  GEIA  and  EDGAR. 

In  this  version,  chemical  and  photochemical  sinks  of  the  concerned  species  are 
calculated  off-line  with  the  IMAGES  (Intermediate  Model  for  the  Annual  and 
Global  Evolution  of  Species)  OH  distributions  and  the  photodissociation  tables 
obtained , with  the  model  MOZART  (Model  of  OZone  And  Related  chemical 
Tracers).  Wet  and  dry  deposition  are  also  taken  into  account. 
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LIGNIN  AND  PHENOLS  IN  AEROSOLS  OVER  CENTRAL  AT¬ 
LANTIC 

V.  I.  Peresypldn  and  V.  N.  Lukashin 

P.  P.  Shirshov  Institute  of  Oceanology,  Moscow. 

It  was  researched  distribution  and  composition  of  the  lignin  and  phenols  over 
the  Central  Atlantic  on  cross-  section  (15  N).  Content  of  the  identified  phenols 
varies  from  '35.6  to  588  mkg/g  in  air-dried  matter  (2.06-8.09  percents  from 
organic  carbon).  Calculated  content  of  lignin  in  the  samples  is  from  83.5  to 
3645  mkg/g  (16.7-51.9  percents  from  organic  carbon).  Prevalence  of  the  p- 
hydroxyl  structures  above  the  vanillin  and  syring  ones  is  observed  in  all  samples 
excluding  the  sample  collected  near  Cape  Verde  Islands.  That  relation  indicates 
on  transportation  by  the  air  masses  of  large  quantity  of  the  plant  sporopollenin 
in  which  p-hydroxyl  structures  are  dominated.  Vanillyl  and  syringyl  structures 
are  in  the  particles  of  the  higher  plant.  All  noticed  components  fall  on  the 
sea  surface  and  through  water  column  to  the  bottom  sediments,  where  are 
preserved  for  a  long  time. 


ALIPHATIC  HYDROCARBONS  IN  AEROSOLS  OVER  CEN¬ 
TRAL  ATLANTIC 
V.  I.  Peresypkin  and  V.  N.  Lukashin 
P.  P.  Shirshov  Institute  of  Oceanology,  Moscow. 

It  was  studied  distribution  and  composition  of  the  alkane-naphtene  fraction  of 
the  organic  matter  in  aerosol  samples  collected  on  cross-section  from  the  Mid- 
Atlantic  Ridge  (15  N)  to  Dakar.  Contents  of  the  organic  carbon  vary  from  0.84 
to  4.45  percents  (dry  matter),  the  hydrocarbons  -  from  91.0  to  1079  mkg/g, 
the  n-alkanes  -  from  11.69  to  32.02  percents  (from  hydrocarbon  content).  Max- 
imums  of  C25  ,  C27,  C29,  C31,  C35  and  C39  indicating  on  presence  of  higher- 
plant  wax  dominate  in  distribution  of  the  biomarken-n-alkanes.  Ratios  Pr/Ph 
vary  from  0.87  to  4.17,  CIO-C  22/C  22-C  40  -  from  0.04  to  0.26,  CPI  -  from  2.32 
to  6.29.  Thus,  the  continents  are  source  of  the  terrigenous  lipids  transported 
into  central  areas  of  North  Atlantic  by  trade  winds. 


SIMULATION  OF  TRACE-GAS  DISTRIBUTIONS  WITH  THE  UIUC  J-D 
AT>IOSPHERIC  CHEMICAL-TRANSPORT  MODEL  AND  COMPARISON  OF 
SOURCE  CAS  DISTRIBUTTONS  WITH  OBSERVATIONS 

F.  Rozanov.  V.  Zubov,  M.  Schlesinger,  F.  Yang  and  N.  Andronova 
University  of  Illinois  at  Urbana-Champaign.  Utbana,  Illinois  6 1 80 1,  USA 
rozanov@atmos.uiuc.edu 

The  study  of  the  interaction  between  climate  and  chemistry  requires  the  development  of 
fast  and  accurate  submodels  that  describe  photochemical  processes  and  gas  transport  in 
the  atmosphere.  Due  to  computer  time  constraints,  a  number  of  parameterizations  have  to 
be  used  in  such  submodels.  Accordingly,  a  detailed  validation  of  the  chemical  and 
transport  routines  should  be  carried  out  One  of  the  best  ways  of  validation  is  to  compare 
the  simulated  gas  species  distributions  with  satellite  climatological  datasets.  Here  we 
present  the  3-D  UIUC  Atmospheric  Chemical  Tianspoit  model.  The  model  consists  of 
three  submodels;  (1)  A  hybrid  transpoit  routine,  (2)  a  photochemical  routine,  and  (3) 
circulation  fields  generat^  by  the  our  3-D  24-layer  AGCM.  The  results  of  an  8-year 
steady-state  model  tun  are  an^yzed  and  the  distributions  of  the  long-lived  species  are 
compared  with  appropriate  HALOE  and  CLAES  datasets.  The  simulated  monthly  zonal- 
mean  mixing  ratios  of  long-lived  species  are  in  reasonable  agreement  with  observational 
data.  The  correlation  between  the  simulated  and  observed  distributions  of  long-lived 
species  and  the  uacer-to  tracer  coireladon  show  the  veiy  good  overall  performance  of  the 
model. 


C1120 


Investigation  of  high  pollution  episodes  in  background  regions 

Sergey  V.  Chereshnuk  (Moscow  State  Univercity,  Lenin  hills, 
Moscow, 

Russia) 

The  idea  of  this  study  was  to  investigate  high  pollution  episodes  in 
background  regions  for  most  anthropogenic  substances  Pb,  Hg,  Cd 
and  benz(a)piren.  The  study  was  performed  for  Borovoe  (North 
I^ahstan)  and  Lesnoe  (Russia)  stations. 

In  the  work  statistics  was  calculated,  and  back  trajectory  was  selected 
which  meets  high  concentrations. 

As  a  result  a  relationship  between  concentrations  at  observation  site 
and  spatial  source  distribution  was  found,  and  environmental 
conditions  in  two  background  regions  was  compared. 


THE  ROLE  OF  REGIONAL  TRANSPORT  IN  URBAN  PHOTO¬ 
CHEMISTRY 
R.  Vautard  and  M.  Beekmann 

Laboratoire  de  Metforologie  Dynamique,  Ecble  Normal*  Supirieure,  Paris, 
France. 

TautardClad.aas.fr 

The  influence  of  long-distance  transport  of  ozone  and  its  precursors  from  remote 
areas  on  the  photo^emical  smog  formation  is  examined  in  different  respects. 
First  we  demonstrate  that  it  is  a  dominant  effect  in  the  Paris  area,  which  allows 
one  to  doubt  about  the  impacts  of  local  traffic  restrictions  during  these  episodes. 
Second  we  examine  in  a  more  general  manner  the  modiflcations  of  the  local 
chemical  regimes  induced  by  this  long-distance  Uansport  and  show  that  nox- 
sensitive  photochemical  production  can  happen  in  certain  circumstances  even 
over  a  large  city.  We  also  examine  the  predictability  of  the  ozone  concentrations 
according  to  the  previous  considerations. 


MODELLING  THE  TURBULENT  DISPERSION  OF 
POLLUTANTS  IN  CITY  STREETS 

L.  Soulhac  and  RJ.  Perkins 
LMFA/ECL,  EcuUy  -  IVance. 

8oulhacflmeeaflu.ec-lyott.fr/Fax:  (-1-33]  (0)4  78  33  13  80 

We  need  to  be  able  to  compute  the  concentration  of  atmospheric  poiiutants 
in  dty  streets  so  that  we  can  estimate  the  impact  of  such  pollution  on  the 
inhabitants,  so  that  we  can  interpret  the  point  measurements  provided  by  static 
pollution  monitors  and  so  that  we  can  estimate  the  flux  of  pollutants  emitted  by 
the  urban  enviroiunent  into  the  external  atmospheric  boundary  layer.  In  many 
practical  cases  it  is  possible  to  idealise  a  large  street  as  a  long,  quasi-2D  cavity 
bounded  by  relatively  large  buildings.  The  flow  within  the  cavity  is  then  driven 
principally  by  the  wind  Mowing  over  the  top  of  the  cavity,  and  consists  of  one 
or  more  ^dies  (depending  on  the  aspect  ratio  of  the  <»vity)  trapped  within 
the  cavity.  This  type  of  representation  is  known  as  a  'street  canyon'  model. 
We  have  developed  a  new  street  canyon  model  which  is  intermediate  between 
large  CFD  codes  and  empirical  ^cessions  for  the  concentration  of  pollutants. 
The  basic  principle  of  the  model  is  that  the  flow  inside  the  cavity  is  computed 
using  a  combination  of  potential  flow  and  fixed,  point  vortices.  The  transport 
and  dispersion  of  material  within  the  cavity  is  modelled  by  the  advection- 
diffiision  equation,  solved  by  using  a  conformal  transformation  to  map  the 
physical  domain  onto  the  ^  —  V’  plane,  where  we  can  use  standard  solutions  of 
the  equation.  This  model  gives  very  good  agreement  with  experimental  results 
for  the  concentration  field  in  the  cavity. 


NP3  Transport  and  mixing  in  geophysical  flows 

Convener:  Legras,  B. 

06  Mixing  in  the  interior  of  the  Earth  (recycling 
of  subducted  slabs)  (joint  with  SE) 

Convener;  Ricard,  Y. 


MANTLE  MIXING:  INFLUENCE  OF  3-DIMENSIONALITY  AND 
VISCOSITY  STRATIFICATION 
S.  Ferrachat  and  Y.  Ricard 

Laboratoire  des  Sciences  de  la  Terre  Ecole  Normal*  Superieure  de  Lyon. 
Mixing  properties  of  the  mantle  remain  puzzling.  One  does  not  precisely  un¬ 
derstand  how  the  mantle  convection  can  destroy  the  chemical  and  isotopical 
heterogeneities  of  the  lithosphere,  and  in  particular,  what  kind  of  mixing  times 
are  related  to  this  re-homogenization.  While  geodynamicists  favor  efficient  mix¬ 
ing  by  deep  slab  penetration,  various  geochemists  advocate  for  the  existence 
of  unmixed  reservoirs.  We  compute  various  3-D  cavity  flows  with  imposed  sur¬ 
face  conditions  mimicking  tectonic  plates  and  advect  passive  tracers  in  order 
to  quantify  their  mixing  abilities.  The  3-dimensionality  of  our  model  allows 
us  to  choose  plate  geometries  with  both  converging/diverging  margins  which 
induce  vertical  transport  and  strike  slip  margins  which  only  mixes  the  mantle 
on  horizontal  planes.  Internal  masses  simulating  subducting  slabs  can  also  be 
imposed.  We  study  the  effects  for  the  mixing  rates  on  the  one  hand,  of  the 
toroidal  over  poloidal  energy  ratio  (e.i.  the  relative  importance  of  surface  strike 
slip  to  diverging  motions),  and  on  the  other  hand,  of  a  viscosity  increase  in  the 
lower  part  of  the  system  (which  mimics  an  'upper'  and  a  'lower'  mantle).  We 
will  see  that  the  time-dependence  of  the  flow  is  not  necessary  to  obtain  chaotic 
areas  with  efficient  mixing  in  3-D  models.  Simple  flows  will  also  illustrate  the 
possibility  to  maintain  some  unmixed  reservoirs  even  without  viscosity  stratifi¬ 
cation.  We  will  discuss  different  ways  of  quantifying  the  mixing  efficiency,  and 
present  scale-dependent  mixing  times  for  various  models  of  the  Earth's  interior. 
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QUANTIFYING  MIXING  IN  NUMERICAL  MODELS  OF  MAN¬ 
TLE  CONVECTION 

Louise  H.  Kellogg  and  Donna  L.  Hunt 

Dept,  of  Geology,  University  of  California,  Davis,  CA  95616,  USA. 

Recent  high-resolution  seismic  images  of  subduction  zones  appear  to  indicate 
that  slabs  extend  into  the  lower  mantle,  possibly  to  the  core-mantle  bound¬ 
ary.  This  is  consistent  with  a  circulation  pattern  that  encompasses  the  entire 
depth  of  the  mantle  and  suggests  efficient  recycling  of  subducted  slab.  Models 
of  the  geochemical  evolution  of  the  mantle,  on  the  other  hand,  seem  to  require 
several  distinct  “reservoirs”  of  dilTering  mean  age  and  trace  element  composi¬ 
tion,  suggesting  that  recycled  slab  is  not  efficiently  mixed  within  the  mantle. 
An  important  question  in  mantle  dynamics  is  whether  large  regions  can  de¬ 
velop  different  residence  times  (maintaining  distinct  reservoirs),  or  whether  a 
different  explanation  of  the  geochemical  data  is  called  for.  We  developed  quanti¬ 
tative  measures  for  assessing  mixing  in  numerical  models  of  mantle  convection. 
Tracer  particles,  introduced  to  simulate  subduction  and  formation  of  oceanic 
crust,  form  fractal  distributions  with  dimensions  that  depend  on  the  model  pa¬ 
rameters.  The  distribution  of  mean  ages  provides  a  meiasure  of  the  geochemical 
evolution  of  different  regions.  We  investigate  the  role  of  viscosity  stratification 
across  the  transition  zone  and  in  the  D"  region  on  formation  and  destruction 
of  heterogeneities.  Viscosity  stratification  slows  the  transport  of  slabs  across 
the  transition  zone,  but  the  slowed  transport  does  not  stratify  the  mantle  geo- 
chemically.  Old  slab  material  survives  longer  in  a  viscously  stratified  mantle, 
but  the  recycled  slab  is  not  concentrated  into  discrete  reservoirs. 


Is  there  a  missing  link  between  geochemistry  and  geophysics  of  the  convective 
mantle  ? 

fric  LEWIN  -  IPGP  cCochimie 

[lewm@tpgp.jussieu.fr]  Laboratoire  de  COochimie  et  Cosmochimie;  Institut  de 
Physique  du  Globe  de  Paris  (UniversitU  Paris  7-Denis  Diderot;  CKRS  UMR  1758); 
B.89;  4,  place  Jussieu;  75252  Paris  cedex  05;  FRANCE. 

While  in  Geophysics,  information  about  the  convectiog  Earth  mantle  is  carried  by 
signals  in  which  spatial  characteristics  of  the  medium  through  which  these  have 
propagated  are  particularly  important,  in  Geochemistry,  measurements  rely  on  rock 
samples,  the  matter  of  which  has  essentially  lost  most  of  the  memory  of  their  travel 
throughout  the  mantle  until  the  outcrops  where  they  have  been  picked  up.  Up  to  now. 
one  fruitful  approach  developped  in  Geochemistry  is  by  considering  reservoirs  and 
budget  complementarities,  approach  for  which  isotope  tracers  are  of  the  most  pertinent 
geochemical  tools.  However,  this  "globalistic"  approach  gives  tittle  information  about 
spatial  disposition  of  these  reservoirs.  A  refinement  of  this  is  to  consider  the 
heterogeneity  of  the  reservoirs  through  the  isotopic  ratio  distributions,  which  is  a 
purely  statistical  point  of  view  rather  than  a  spatial  one.  Evolution  models  of 
convective  stirring  can  thus  be  tested  for  being  able  to  sustain  the  kind  of  steady-state 
heterogeneity  that  these  isotopic  distributions  quantify.  Thus,  in  order  to  generalize 
these  direct  observations  provided  by  geochemists  from  the  analyzed  rock  sample 
collection  to  their  whole  source  reservoir,  one  must  first  be  fully  convinced  that  this 
sampling  is  either  representative  of  its  mantle  source  reservoir,  and/or  that  biases  can 
be  evaluated.  If  reweighted  statistics  are  an  attempt  to  bring  an  affordable  solution  for 
the  second  "drawback",  the  first  assumption  can  only  be  approached  through 
convection  modelling  In  which  a  ridge  sampling  scheme  is  taken  into  account 


EFFECTS  OF  TOROIDAL  FLOW  AND  RHEOLOGICAL  HET¬ 
EROGENEITIES  ON  MIXING  IN  THE  MANTLE 
R.  J.  O’Connell  (1),  Carl  W.  Gable  (2)  and  Michael  Manga  (3) 

(1)  Harvard  University,  Cambridge  MA  02138,  (2)  Los  Alamos  National  Lab¬ 
oratory,  Los  Alamos  NM  87545,  (3)  University  of  Oregon,  Eugene  OR  97403. 
oconnallCgeopbysiea .  harvard .  adu/Fax:  617-495-8839 
Large  scale  mixing  of  chemical  heterogeneities  in  the  Earth’s  mantle  is  accom¬ 
plished  by  the  stretching  and  folding  motion  associated  with  mantle  convection; 
diffusional  processes  are  only  important  on  centimeter  length  scales.  Chaotic 
flows  will  promote  effective  mixing;  these  can  be  produced  by  time  dependent 
flows  and  also  by  the  presence  of  toroidal  components  of  flow  (which  are  only 
present  in  3  dimensions).  Plate  tectonics  produces  both  in  the  mantle,  and 
hence  mixing  should  be  effective,  especially  in  the  upper  mantle  where  the  ef¬ 
fects  of  plate  flow  are  largest.  The  lower  mantle  may  be  less  well  mixed  owing 
to  its  higher  viscosity  and  the  relatively  small  toroidal  flow.  Studies  of  sim¬ 
ple  flow  systems  with  poloidal  and  toroidal  flow  components  demonstrate  the 
chaotic  nature  of  the  flows  and  constrain  the  time  constants  for  efficient  stir¬ 
ring  of  the  mantle.  Considerations  of  time  scales  for  the  Earth  indicate  that 
the  upper  mantle  should  be  well  mixed.  Geochemical  observations  indicate  the 
presence  of  long-lived  heterogeneities  in  the  mantle.  Simple  flow  calculations 
show  that  viscosity  heterogeneities  strongly  influence  mi.xing.  Weak  blobs  are 
rapidly  deformed  and  dispersed  in  a  larger  scale  flow,  while  high  viscosity  blobs 
can  resist  deformation  and  dispersal  for  times  that  are  geologically  long.  Such 
heterogeneities  may  account  for  geochemical  reservoirs  in  the  mantle. 


CONVECTIVE  MIXING  CONTROLLED  BY  PHASE  TRANSI¬ 
TIONS  AND  THE  SIZE  DISTRIBUTION  OF  CHEMICAL  HET¬ 
EROGENEITIES  IN  THE  EARTH’S  MANTLE 

W.  R.  Peltier  and  S.  L.  Butler 

Department  of  Physics,  University  of  Toronto,  Toronto,  Ontario,  Canada,  M5S 
1A7. 

samOatmosp  .physics  .utoronto .  ca/Fsoc:  1-416-978-8905 
It  is  now  generally  recognized  that  the  convective  circulation  in  the  Earth’s 
mantle  is  neither  completely  layered  by  the  670  km  discontinuity  nor  does  it 
cross  this  horizon  completely  unhindered.  Many  non-linear  simulations  of  ther¬ 
mal  convection  in  this  region  of  the  Earth  have  demonstrated  the  critical  role 
played  by  the  endothermic  phase  transition  that  defines  this  horizon  in  con¬ 
trolling  the  mass  exchange  between  the  lower  mantle  and  the  upper  mantle 
and  transition  zone.  Geochemical  measurements  of  mid-ocean  ridge  and  ocean 
island  basalts  show  different  degrees  of  elemental  depletion  indicating  the  exis¬ 
tence  of  at  least  two  distinct  chemical  reservoirs  in  the  Earth’s  mantle  which  are 
often  associated  with  the  lower  mantle  and  upper  mantle  and  transition  zone. 
The  scale  of  chemical  heterogeneities  within  these  reservoirs,  which  are  likely 
controlled  by  the  scale  of  the  mass  flux  events  transiting  the  670  km  horizon, 
remain  poorly  constrained.  We  will  describe  a  suite  of  high  resolution  nurrieri- 
cal  simulations  of  thermal  convection  in  the  Earth’s  mantle  which  include  the 
effects  of  the  endothermic  phase  transition  in  which  we  characterize  the  size 
distribution  of  trans-670  km  mass  flux  events.  We  will  demonstrate  that  for 
certain  parameter  regimes,  the  size  distributions  display  scale  invariance. 


MIXING  IN  VIGOROUS,  TIME-DEPENDENT  3D  CONVEC¬ 
TION 

J.  Schmedzl  and  U.  Hansen 

Institute  of  Geophysics,  Muenster  University  ,  Corrensstr.  24,  D-48149  Muen- 
ster,  Germany. 

An  understanding  of  the  mechanism  of  mixing  in  highly  viscous  convecting 
fluids  is  of  crucial  importance  in  explaining  the  observed  geochemically  hetero* 
geneous  nature  of  the  Earth’s  mantle.  Using  constant  viscosity  numerical  exper¬ 
iments,  we  describe  the  mixing  mechanism  of  time-dependent  Rayleigh-Benard 
convection  with  an  infinite  Prandtl  numer  in  a  three-dimensional  rectangular 
container.  Mixing  is  observed  by  following  the  positions  of  passive  tracers  ad- 
vected  by  the  flow.  The  major  mixing  mechanisms  may  be  described  in  terms 
of  the  within-cell  mixing  and  the  cross-cell  mixing.  The  flow  structure  in  which 
tracers  move  on  toroidal  surfaces,  that  was  previously  observed  in  steady-state 
3D  convection  systems  is  perturbed  by  boundary  layer  instabilities  in  the  time- 
dependent  experiments.  This  flow  structure  allows  a  very  efficient  exchange  of 
mass  between  the  boundary  layers  and  the  core  of  the  convection  cell  even  in 
the  absence  of  time-dependence.  We  compare  this  results  with  calcluations  car¬ 
ried  out  in  two  spatial  dimensions.  The  inferred  mixing  rates  are  observed  to 
be  relatively  insensitive  to  initial  tracer  location,  but  the  timescale  for  mixing, 
tm,  decreases  with  increasing  Rayleigh  number.  The  timescale  of  mixing  is  an 
important  constraint  on  the  large  scale  structure  of  the  Earth,  because  large- 
scale  geochemical  heterogeneities  persist  to  the  present  day,  implying  that  the 
mantle  is  not  well  mixed. 


Mixing  EfTlclency  In  the  Upper  Mantle 

Arkady  Ten  (1, 2),  Yu.  Yu.  Podladchikov(3)  and  David  A.  Yuen  (2) 

(1)  Institute  of  Mineralogy  and  Petrography,  Novosirbisk,  Russia 

(2)  Minnesota  Supercomputer  Institute  and  Dept  Geology  and  Geophysics,  Univ. 
Minnesota,  Minneapolis,  MN  55415,  U.SA. 

(3.)  Geolog.  Institut  E.T.H.,  Zuerich,  Switzerland. 

We  have  investigated  the  relative  mixing  efficiency  between  Newtonian  and 
non-Newtonian  temperature-dependent  riieologies  operating  in  the  upper-mantle.  This 
method  is  based  on  assembling  many  passive  tracers  on  line  .  The  particles  are 
dynamically  redistributed  at  each  time-step.  They  are  then  advected  by  the  velocity 
field  produced  by  thermal  convection .  Up  to  one  million  tracers  per  line  and  ten  lines 
ten  lines  have  been  employed  for  following  the  the  time-history  of  a  source  of 
heierogenei^.  Based  on  the  mass  transfer  history  through  the  horizontal  layers  we  can 
construct  the  statistical  characteristics  and  follow  the  dynamics  over  a  phase  plane 
consisting  of  the  depth  and  time .  The  mixing  characteristics  are  different  between  the 
two  rheologies.  Non-Newtonian  rheology  retains  long-living  horizontal  structures, 
while  Newtonian  rheology  produces  vertically  stratified  columns.  Greater  amount  of 
deformation  is  produced  by  the  Newtonian  convection.  Mixing  is  less  efficient  for 
non-Newtonian  rheology  as  islands  with  unmixed  material  still  persist.  The  length  of 
the  lines  grow  with  time  in  a  power-law  fashion  for  Newtonian  .  The  lines  produced 
from  both  rheological  flows  display  fractal  behavior,  which  increases  with  time. 
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01  Nonlinear  waves,  instabilities  and  wave-flow 
interactions 

Convener;  Shrira,  V.I. 
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A  MODEL  OF  QUASI-PERMANENT  THREE-DIMENSIONAL 
GRAVITY-CAPILLARY  WATER  WAVE  PATTERNS 
S.  Yu.  Annenkov  and  S.  I.  Badulin 

P.  P.  Shirshov  Institute  of  Oceanology,  36  Nakhimovsky  pr.,  117851  Moscow, 
Russia. 

bsiOwaTa.sio.rssi.ru/Fax:  [7]  (095)  124  5983 

A  weakly  nonlinear  model  of  three-dimensional  quasi-stationary  patterns  of 
gravity-capillary  waves  is  presented.  The  pattern  consists  of  three  short  (cap¬ 
illary)  and  one  long  (gravity-capillary)  components.  For  the  Bond  number 
B  =  trkl/g  >  I  {c  —  surface  tension,  g  —  gravity  acceleration  and  ko  — 
wavenumber  of  a  short  wave)  both  three-  and  four-wave  resonances  are  im¬ 
portant.  Short  harmonics  form  a  resonant  quartet;  long  wave  and  a  pair  of 
short  harmonics  constitute  a  resonant  triad.  The  three-wave  resonance  condi¬ 
tions  can  be  interpreted  as  synchronism  of  the  short  wave  packet  and  long-wave 
component.  Coupling  of  three-  and  four-wave  resonances  is  formalized  within 
the  Hamiltonian  approach  and  the  existence  of  ‘long-lived’  regimes  of  evolution 
is  demonstrated.  The  dynamics  of  the  model  perturbed  by  weak  nonconserva¬ 
tive  effects  is  investigated  in  order  to  identify  possible  ways  of  wave  pattern 
evolution.  Stationary  states  are  found  and  their  stability  is  studied.  Stabil¬ 
ity  conditions  are  specified  in  terms  of  wave  steepness  and  angles  between 
short-  and  long-wave  components.  These  conditions  correspond  to  predomi¬ 
nantly  oblique  short  harmonics,  in  other  words,  wave  patterns  with  specific 
rhombic  orientation  of  capillary  ripples  are  emphasized  by  cooperative  effect  of 
dissipation/generation  and  multi-wave  resonances. 


A  MODEL  OF  SPORADIC  WIND-WAVE  HORSE-SHOE  PAT¬ 
TERNS 

S.  Yu.  Annenkov  (1)  and  V.  I.  Shrira  (2) 

(1)  Shirshov  Institute  of  Oceanology,  36  Nakhimovsky  pr.,  Moscow,  Russia, 

(2)  Department  of  Applied  Mathematics,  University  College  Cork,  Ireland. 
sergeCvave.sio.rssi.m/Fax;  [7]  (095)  124  5983 

A  qualitative  model  of  three-dimensional  crescent-shaped  (‘horse-shoe’)  pat¬ 
terns  often  seen  on  water  surface  in  natural  basins  and  observed  in  wave  temk 
experiments  is  suggested.  The  model  is  ^med  at  explaining  their  sporadic  na¬ 
ture,  physical  mechanisms  of  their  selection  and  their  specific  asymmetric  form. 
First,  the  phenomenon  of  sporadic  horse-shoe  patterns  is  studied  numerically 
using  the  novel  algorithm  of  water  waves  simulation  recently  developed  by 
the  authors.  A  system  comprising  a  steep  gravity  wave  under  small  dissipation 
embedded  into  primordial  noise  is  shown  to  follow  the  simple  evolution  scenario: 
most  of  the  time  only  one  pair  of  symmetric  oblique  satellites  prevwls,  the  choice 
of  the  specific  pair  being  in  general  case  different  at  different  instants. 

The  explanation  of  the  observed  phenomena  is  based  on  the  consideration  of 
interactions  between  oblique  satellites  lying  in  the  domun  of  the  five-wave 
instability  of  the  basic  wave.  It  is  demonstrated  that  small  satellites  can  affect 
the  system  dynamics  via  the  quartic  resonant  interactions  at  the  same  timescale 
as  the  quintet  interaction  with  the  basic  wave.  These  interactions  give  rise  to 
a  specific  selection  mechanism:  eventualy  only  a  single  pair  survives  in  generic 
situation.  The  interplay  of  quartic  and  quintet  interactions  and  nonconservative 
effects  are  shown  to  be  responsible  for  the  specific  fronts  asymmetry. 


A  NEW  ANALYTICAL  MODEL  FOR  OCEANIC  INTERNAL 
SOLITON  PACKETS 

J.  R.  Apel  (1),  S.  I.  Finette  (2),  M.  H.  Orr  (2)  and  J.  F.  Lynch  (3) 

(1)  Global  Ocean  Associates,  Silver  Spring,  MD  20910,  U.S.A.,  (2)  Naval  Re¬ 
search  Laboratory,  Washington,  DC  20375,  U.S.A.,  (3)  Woods  Hole  Oceano¬ 
graphic  Institution,  Woods  Hole,  MA  02543,  U.S.  A. 
globocenOerols .  com/Fax:  1-301-460-9775 

We  advance  a  new  analytical  model  to  describe  packets  of  internal  solitons 
in  the  ocean.  Such  nonlinear  waves  are  often  generated  by  tidal  flows  across 
bathymetric  features  that  protrude  into  the  pycnocline.  The  model  builds  on 
the  "dnoidal”  solution  to  the  KDV  equation  The  basic  solution  for  the  vertical 
displacement  of  an  isopycnal  surface  is  given  in  terms  of  the  Jacobi  elliptic 
function,  dn(ar,  s)  as 

i?(r,  t)  =  21)0  jdnj  (r  -  Y(»)oj  -  (1  -  »’)| 

where  «  is  a  nonlinear  parameter  to  be  determined  from  other  considerations. 
Field  data,  e.g.,  in-situ  measurements  or  satellite  images  can  be  used  to  derive 
the  variation  of  a  within  a  packet.  The  resultant  solution  has  many  of  the  prop¬ 
erties  possessed  by  the  observed  solitons;  amplitudes,  wavelengths,  and  phase 
speeds  that  decrease  from  front  to  rear;  an  increase  in  the  number  of  oscillations 
with  space  and  time;  and  a  long-term  depression  of  the  pycnocline  in  the  wake 
of  the  packet.  We  increase  the  realism  of  the  solution  by  modifying  r;(r,t)  to 
include  tidal  modulation,  vertical  variation,  and  attenuation.  Comparisons  are 
made  with  observations  in  the  Mid- Atlantic  Bight  and  the  Strait  of  Gibraltar. 


LABORATORY  INVESTIGATIONS  OF  TWO-DIMENSIONALLY 
INHOMOGENEOUS  CURRENT  IFLUENCE  ON  NONLINEAR  SUR¬ 
FACE  WAVES 

Bakhanov.V.V.,  V.I.Kazakov,  O.N.Kematskaya  (Institute  of  Applied  Physics, 
Russian  Academy  of  Science,  46  IHjanov  Str.,  Nizhny  Novgorod,  603600  Rus¬ 
sia,  phone;  7.8312.384356,  fax;  7.8312.365976,  e-mail;  bskh@hydro.appl.sci- 
nnov.ru) 

The  variability  of  various-amplitude  surface  waves  in  a  field  of  inhomogeneous 
currents  was  investigated  in  the  laboratory  tank  with  use  of  "contact”  and 
remote  devices.  Inhomogeneous  currents  were  produced  by  streamlining  of 
submerged  sphere.  Surface  waves  were  generated  by  a  wavemaker.  The  surface 
deviation  in  some  points  of  space  was  recorded  by  acoustic  sensors.  The  spatial 
two-dimensional  distribution  of  the  surface  wave  amplitude  was  reconstructed 
by  results  of  several  experiments.  The  images  of  located  at  the  bottom  rectan¬ 
gular  grid  were  registered  simultaneously  at  the  help  CCD  camera,  that  allowed 
to  restore  a  field  of  surface  wave  slopes  in  spatial  area  0.5x0.5  m. 

Occurrence  of  regions  of  surface  wave  amplitude  increase  and  decrease  is  regis¬ 
tered  and  is  shown  that  their  arrangement  greatly  depends  on  the  surface  wave 
frequency  and  is  practically  independent  of  the  sphere  sizes  and  the  depth  of 
its  submersion.  The  value  of  surface  wave  amplitude  variability  grows  at  an 
increased  amplitude  of  surface  waves  generated  by  a  wavemaker. 

Theoretical  calculations  of  surface  wave  amplitude  variability  were  made  for 
conditions  of  experiments  on  basis  of  model  equation  obtained  by  us. 


ON  THE  LINEAR  APROXIMATION  OF  VELOCITY  AND  DENSITY 
PROFILES  IN  THE  PROBLEM  OF  BAROCLINIC  INSTABILITY 

E.  Beiulov 

Madtematics  Institute,  University  of  Warwick,  Coventry  CV4  7AL,  UK 

The  linear  approximation  of  density  and  velocity  profiles  is  conyared  to 
more  realistic  models  with  vertically  inhomogeneous  density  gradient  a^ 
ncm-zero  anomalous  vorticity  (Le.  the  non-planetaiy  part  of  potential 
vorficity).  ciculations  based  on  the  parameters  of  "real-life"  currents  in  the 
Northern  Pacific  demonstrate  that  these  effects,  acting  together,  can  make 
baroclinic  instability  23  -  6  times  stronger  and  dramatically  expand  the 
spectral  range  of  unstable  disturbances  towards  the  short-wave  region  (by  a 
factor  of  more  than  20  -  30). 
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EXPERIMENTAL  INVESTIGATION  OF  EXCITATION  OF 
INTERNAL  WAVES  IN  A  TURBULENT  STRATIFIED  SHEAR 
FLOW 

S.D.Bogatyrev,  O.A.Diuzhinin,  V.I.Kazakov,  D.A.Korotkov,  S.N.Reznik, 
B.V.Setin,  V.I.Talanov,  Yu.I.lkoitskaya,  D.V.Zaborskikh 
(Institute  of  Applied  Physics  RAS,  Nizhny  Novgorod,  Russia) 

The  experimental  study  of  dynamics  of  a  turbulent  stratified  shear  current 
was  performed  the  Large  Experimental  Tank  (20x4x  2  m)  with  the  temper¬ 
ature  thermocline-type  stratification  and  the  turbulent  shear  current  created 
by  the  flow  inductor.  Profiles  of  the  temperature  and  flow  velocity  averaged 
over  the  turbulent  fluctuations  and  wave  disturbances  were  measured.  For  ho¬ 
mogeneous  in  temperature  water  characteristics  of  the  shear  flow  created  by 
the  flow  inductor  corresponded  to  the  resulst  of  the  theory  of  self-similarity 
developed  for  free  shear  flows.  In  the  presence  of  temperature  stratiflcation 
the  stability  of  the  shear  flow  was  studied.  In  was  foung  out  that  in  the  region 
above  the  thermocline  the  Richardson  number  could  drop  below  1/4,  i.e.  the 
flow  was  dynamically  unstable.  When  the  flow  velocity  exceed^  some  thresh¬ 
old  value,  strong  oscillations  were  excited.  A  narrow  peak  with  the  maximum 
frequency  0.05Hz  presented  in  their  spectrum.  The  amplitude  of  the  corre¬ 
sponding  quasi-harmonic  oscillations  depended  in  a  square-root  manner  on  the 
control  parameter  (the  frequency  of  spinning  of  the  flow  inductor  motor,  which 
is  proportional  to  the  flow  velocity).  These  two  features  confirms  excitation  of 
a  globaly  unstable  mode  in  the  flow. 

This  work  was  supported  by  the  grant  RFBR  (project  code  98-05-64651). 


STRUCTURE  FORMATION  IN  A  ZONAL  BAROTROPIC  CUR¬ 
RENT:  A  TREATMENT  VIA  THE  CENTRE  MANIFOLD  RE¬ 
DUCTION 

L.  Brevdo  and  K.  Kirchgassner 

Mathematisches  Institut  A,  Universitat  Stuttgart,  D-70S69  Germany. 
brevdoCBatheBatlk.uni-stuttgart.de/Fax:  [49]  711  685  5535 

We  apply  methods  of  the  bifurcation  theory  of  reversible  systems  for  studying 
the  formation  of  quasi-stationary  spatial  structures  in  a  zonal  viscous  channel 
flow  with  a  horizontal  shear  on  an  /-plane.  A  shifted  sine  dependence  of  the 
zonal  velocity  on  the  latitude  is  assumed.  Centre  manifold  reduction,  applied 
to  the  quasi-geostrophic  potential  vorticity  equation  in  a  vicinity  of  the  critical 
value  Rc  of  the  Reynolds  number  R  at  which  a  reversible  1:1  resonance  occurs, 
and  normal  form  transformation  lead  to  a  completely  integrable  system  of  four 
non-linear  ODE’S  for  which  a  full  classification  of  the  bifurcating  solutions  is 
available.  The  zonal  solution  bifurcates  supercritically.  The  family  of  bifurcating 
solutions  includes  spatially  periodic  and  quasi-periodic  solutions,  and  solutions 
homoclinic  to  the  same  periodic  solution  at  ±oo  in  the  zonal  direction.  The 
spatially  periodic  Structures  corresponding  to  the  periodic  bifurcating  solutions 
that  persist  for  the  exact  system  are  treated  in  detail  and  found  to  contain 
closed  recirculation  regions  provided  the  value  of  the  bifurcation  parameter 
H  =  {R-  Rc)/Rc  is  small  enough.  Hence,  qualitatively,  the  appearance  of 
such  regions  in  the  exact  solutions  of  the  equation  of  motion  may  be  related 
to  the  origin  of  latitudinal  distortions  of  zonal  currents  and  eventually  to  the 
development  of  blocking  highs. 


AN  ANALYTICAL  SOLUTION  FOR  THE  RUN-UP  OF  WEAKLY 
3-D  SOLITARY  WAVES. 

M.  Broccfaini  (Istituto  di  Idraulica,  Via  Montallegro  1,  UnivetaiUi  di  Genova, 
Genova  16145,  Italy) 

Very  few  analytical  solutions  are  known  of  the  Nonlinear  Shallow  Water  Equa¬ 
tions  (e.g.  Carrier  k  Greenspan,  JFM,  Vol.  4,  pp.  97-109, 1958;  Synolakis,  IFM, 
Vol.  158,  pp.523-545, 1987).  These  solutions  are  attractive  as  they  allow  direct 
computation  of  flow  properties  in  the  near-shore  te^on  and  are  aiso  ‘bench¬ 
marks’  for  comparing  and  testing  numerical  solvers.  However,  thdr  drawbadc 
rests  in  thdr  horizontal  one-dlmeiuional  nature.  Recently  Brocchini  k  Pere¬ 
grine,  (JFM,  Vol.  317,  pp.  241-273, 1996)  extended  the  ‘Carrier  k  Greenspan 
solution’  for  the  case  of  weakly-two-dimeiuional  periodic  flow.  Here  we  propose 
an  analytical  solution  wUch  eirables  easy  computation  of  ali  the  main  flow  prop¬ 
erties  (free  water  surface  and  both  vdodty  components)  associated  with  the 
run-up  of  weakly-two-rfimendonal  solitary  waves.  A  limiting  wave  amplitude  is 
defined  such  that  breakdown  of  the  solution  occurs.  A  novel  analytical  solution 
is  also  ^ven  for  interacting  solitary  waves  in  shallow  waters  (multiple-solitary- 
waves  solution)  and  breakdown  conditions  are  provided  in  terms  of  a  pair  of 
formulae  for  both  the  dimendonless  wave  hdghts  of  the  solitary  waves  and  for 
thdr  initial  podtions.  We  suggest  the  solutions  can  be  used  for  moddling  both 
the  run-up  diaracteristlcs  of  a  single  group  of  waves  (multiple-solitary-waves) 
and  those  assodated  with  the  run-up  of  a  tsunamis  (si^e  solitary  wave).  Pre¬ 
liminary  analyds  show  that  very  large  run-up  is  achieved  because  of  the  tzierging 
of  two  OT  more  solitary  waves  whidi  are  smaller  than  the  limiting  wave. 


Renormalization  of  shallow  water  gravity  wa\'e 
theories  to  allow  deep  water 

D.  CL.'^MOND 
January  20,  199S 


From  the  shallow  water  gravity  wave  theory,  an  analytic  transformation 
reconstructs  the  velocity  field  in  the  whole  fluid  domain.  The  solution  ob¬ 
tained  lias  a  non-divergent  velocity  field,  which  is  not  the  case  of  shallow 
water  solutions.  The  renormalization  increases  the  validity  of  solution  from 
shallow  to  deep  water :  the  K’orteweg  fc  de  Wies  waves  and  the  .\iry  waves 
are  particular  limiting  cases,  The  renormalized  solution  is  an  unified  ap¬ 
proximation  for  short  and  long  waves.  The  renormalization  also  improves 
the  accuracy  of  the  solution  from  small  to  finite  amplitudes. 


COMPLICATED  TRAVELLING  WAVE  SOLUTIONS  OF  A 
SYSTEM  OF  PDE=20  DESCRIBING  MEDIA  WITH 
MEMORY  AND  SPATIAL  NON-LOCALITY 

V.A.  Danylenko,  V.M.  Sidorets  and  V.A.  Vladimirov 

Division  of  Geodynamics  of  Explosion 

Subbotin  Institute  of  Geophysics  of  the  NAS  of  Ukraine 

The  dynamic  equation  of  state  aimed  at  describing  shock  loading  = 
afteraction=20  in  geophysical  media  and  accounting  for  the  effects  of 
non-locality=20  and  memory  is  proposed.  Together  with  balance  equa¬ 
tion  for  mass  and  =  momentum  it=20  forms  a  closed  system  of  non¬ 
linear  PDE.  A  set  of  invariant  (travelling  =  wave)  solutions  of  this=20 
system  is  investigatied  by  means  of  qualitative  theory  methods  and  = 
numerical=20  simulation.  The  system  was  shown  to  possess  periodic, 
quasi-periodic  and  =  stochastic=20  invariant  solutions.  A  fine  structure 
of  strange  attractors  arising  in  =  the=20  dynamic  system  is  studied  by 
means  of  Poincare  sections  technique.=20  An  influence  of  different  phys¬ 
ical  characteristics  (relaxation  time,=20  coefficient  of  non-locality  etc.) 
on  the  wave  patterns  formation  is  analysed. 


BISPECTRAL  ANALYSIS  OF  BOUND  HARMONICS  OF 
GRAVITY-CAPILLARY  WAVES  IN  A  WAVE  TANK. 

Ermakov  SA.  J.R.Konnov,  Yu.B.Shchegolkov,  G.N.Bochkov,  K.V.Gorokhov 
Instimte  of  Applied  Physics,  46  Uljanov  st,  603600  Nizhny  Novgorod, 

Russia. 

Fax:  8312-365976,  e-mail:  stas@hydro.appl.sci-nnov.m 

Measurements  of  quasimonochromatic  and  wind  gravity-capillary  waves  (GCWs) 
were  carried  out  with  a  laser  slopemeter  in  a  wave  tank.  Phase  coupling  betweeen 
decimetre-scale  GCWs  and  their  high-order  harmonics,  including  "parasitic”  capillaiy 
ripples,  was  studied  on  the  basis  of  methods  of  bispectral  analysis.  The  normalized 
bicoherence  function  (NBF)  was  used  to  determine  a  quantitative  ratio  between 
contributions  of  free  and  bound  components  in  the  GCW  spectrum.  For  the  second 
harmonics  of  dominant  wind  waves  this  contribution  was  obtained  to  be  of  order 
30-40%.  NBF  also  has  a  wide  maximum  at  high  frequencies  (larger  than  50  Hz),  thus 
showing  existence  of  "parasitic"  capillary  ripples  generated  by  dominant  GCWs. 
This  work  was  supported  by  die  Russian  Foundation  of  Basic  Research  (projects 
96-05-65087, 96-02-18027a)  and  INTAS  (project  96-1665). 
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SAND  RIDGES  AND  BED-FLOW  INSTABILITIES  ON  THE  IN¬ 
NER  CONTINENTAL  SHELF 

A.Falqu4s  (1),  D.Calvete  (1),  H.E.de  Swart  (2)  and  N.Dodd  (3) 

(1)  Dept.Appl.Physics,  Univ.Politcnica  Catalunya,  08034  Barcelona,  Spain, 

(2)  IMAU,  Utrecht  Univ.,  Utrecht,  3584  CC,  The  Netherlands,  (3)  Coastal 
Group,  HR  Wallingford,  0X10  8BA,  U.K.. 

Shoreface-connected  ridges  are  sedimentary  rhythmic  patterns  (0(10  Km))  on 
some  continental  shelves.  Their  crests  are  oblique  to  the  coastline  and  rotated 
against  the  dominant  storm  current.  An  explanation  of  such  ridges  as  emerg¬ 
ing  from  a  positive  feedback  between  growing  bedforms  and  the  disturbance 
thereby  originated  on  the  currents  is  investigated.  Three  different  instability 
mechanisms  are  identified.  First  the  transverse  slope  mechanism,  that  is,  the 
offshore  deflection  of  a  longshore  current  by  upcurrent  oriented  ridges  and  its 
consequent  loss  of  sediment  carrying  capacity  over  the  crests  due  to  the  slope. 
Second,  the  frictional  and  the  coriolis  mechanisms,  related  to  the  production  of 
vertical  vorticity  by  the  torques  due  to  bottom  friction  or  coriolis  force  on  an 
uneven  sea  bottom.  Numerical  experiments  and  analytical  developments  show, 
after  comparison  with  the  morphology,  that  the  transverse  slope  effect  caii  be 
considered  as  the  main  cause  of  ridge  formation.  This  has  some  implications 
on  the  long  term  averaged  current  and  sediment  transport  during  storms  on 
the  inner  shelves  where  the  ridges  are  present:  the  sediment  transport  should 
be  proportional  to  the  current,  and  the  current  should  in  turn  be  roughly  pro¬ 
portional  to  the  water  depth,  suggesting  a  dominant  influence  of  water  level 
gradients  rather  than  wind  stresses. 


FORMULATION  OF  ENERGETIC  TRIADIC  INTERACTIONS 
IN  THE  ORTHONORMAL  WAVELET  REPRESENTATION  OF 
FLUID  DYNAMICS 

Aimd  Fournier  • 

National  Center  for  Atmospheric  Research,  Boulder,  CO  USA  80307-3000. 
fournier®ucar.6du/Fax:  [-fl]  303  497  1700 

Traditionally  the  nonlinear  transfer  of  kinetic  energy  between  orthogonal  modes 
in  fluid  dynamics  has  been  described  by  a  kind  of  convolution  of  Fourier  coef¬ 
ficients,  known  as  ‘triad  interaction’.  Triad  interaction  between  wavenumbers 
n,  —m  and  m  —  n  is  known  to  be  constrained  by  a  ‘detailed  conservation*  the¬ 
orem.  Recently  lima  and  Toh  have  generalised  this  description,  in  the  case  of 
incompressible  flow,  from  Fourier  to  arbitrary  orthogonal  decompositions  such 
as  orthonormal  wavelets. 

This  presentation  will  generalise  their  formulation  to  compressible,  hydrostatic 
flow.  Wheras  Fourier  triads  may  be  associated  to  wavenumber  triangles  in 
‘Fourier  space’,  the  ‘wavelet  triads’  correspond  to  triangles  in  a  position-scale 
‘phase  space’.  The  case  will  be  made  that  wavelets  provide  a  better  mathemat¬ 
ical  model  of  coherent  structures  than  does  Fourier,  and  so  waves-turbulence 
interactions  which  are  local  in  both  scale  and  position  may  be  better  described. 


Nonlinear  characteristics  of  ocean  wave  observations 
Ted  W.  Prison 

Randle,  Inc.,  Great  Falls,  Virginia,  USA 
ted@chaotic.com 

The  nonlinear  characteristics  of 420  temporally  disparate  data  sets  of 
ocean  wave  hei^t  observations  (2  hours,  17  minutes  each  at  1  Hz) 
collected  off  the  Califomia,  USA  coast  were  analyzed  using  algorithms 
developed  fom  studies  of  chaotic  systems.  A  significant  finding  is  that 
the  dynamical  characteristics  of  the  waves  are  independent  of  the  wave 
height  and  that  fire  embedding  space  is  the  sme  for  all  the  data  sets. 

The  global  embedding  dimension  (degrees-of-freedom),  dp  is 
consistently  six  or  seven,  as  is  the  local  dynamical  dimension,  dp  The 
largest  of  the  Lyapunov  exponents  (X,),  a  measure  of  future 

uncertainty,  hence  predictability,  varies  widely,  and  is  also  independent 
of  the  wave  height.  Thus,  X,  is  a  good  candidate  for  a  wave 
classification  metric.  The  prediction  horizon,  derived  fi»m  X,,  has 
values  ranging  fi'om  near  0  seconds  to  almo^  80  seconds.  The 
consistent  embedding  space  and  the  positive  Lyapunov  exponent 
indicate  it  is  appropriate  to  treat  ocean  waves  as  chaotic.  Data  fom 
hurricane  Camille  is  used  to  illustrate  how  the  X,  varies  with  time, 
providing  insights  into  the  time  scales  over  which  the  dynamics  change. 


NUMERICAL  SIMULATION  OF  EXPLOSIVE  RESONANT  IN¬ 
TERACTION  OF  ROSSBY  WAVES 
M.  D.  Greenglade  and  J.  Vanneste 

Department  of  Applied  Mathematics  and  Theoretical  Physics,  Cambridge,  UK 
CB3  9EW. 

M. D.GreansladaCdamtp. can. ac.uk/Fax;  [44]  1223  337918 
Multilayer  quasi-geostrophic  flow  in  a  channel  on  a  beta-plane  provides  a  nat¬ 
ural  model  for  baroclinic  systems  and  in  particular  is  well  suited  to  studies  of 
batoclinic  instability.  The  stability  criteria  have  been  analysed  using  both  lin¬ 
ear  and  nonlinear  theories  by  Vanneste  (1995).  In  the  case  where  the  basic-state 
sonal  flow  is  uniform  within  each  layer,  the  regions  of  parameter  spaw  which 
are  linearly  stable  but  nonlinearly  unstable  ate  susceptible  the  explosive  reso¬ 
nant  interaction  of  Rossby  waves.  A  detailed  analysis  of  the  three-layer  model, 
including  an  estimate  for  disturbance  eddy  energy  bounds,  has  been  performed 
by  Paret  &  Vanneste  (1996). 

A  numerical  investigation  of  explosive  interaction  has  been  carried  out  and  is 
reported  here.  The  emergence  of  the  instability  from  a  random  initial  distur¬ 
bance  is  investigated.  The  disturbance  eddy  energy  has  been  calculated  and  is 
compared  with  the  bounds  of  Paret  It  Vanneste. 


Application  of  the  Wave  Theories  for  Waves  Generated  in  Reservoirs  by 
Earthquakes. 

T.Gvelesiani  (•),G.Jinjikhashvily(»*),  A.Chanturia(***). 

•  Doctor  Sci.  (Eng),  Prof.  -  Georgian  Institute  for  Power  &  Structures  -  Tbilisi, 
Georgia 

**  Ph.D,  Design  Eng.  -  Engineering  Division,Israel  Electric  Coip.-  Haifr,  Israel 
»»•  A.Chanturia  -  post-graduate  student.  Faculty  of  Applied  Math.  Tbilisi  State 
University. 

In  prediction  of  seismogenic  waves  ("tzunami” )  in  reservoirs  problem  of  avaliability 
of  small  amplinide  wave  and  shallow  water  theories  is  important  from  the  point  of 
view  of  engineering  applications.  Criterial  conditions  of  divergency  of  wave 
parameters  calculated  within  limits  of  both  above  theories  ate  developp^  based  on 
theoretical  considerations  as  well  as  on  laboratory  tests  data. 


CAPTURED  BY  FLOWS  NONLINEAR  ROSSBY  WAVES 
IN  THE  EARTH’S  IONOSPHERE 

A.Gvelesiani,  Georgian  Academy  of  Sciences,  Institute  of  Geophysics, 
1  Alexidze  Str.,  Tbilisi  380093,  Georgia 

T.D.Kaladze,  Vekua  Institute  of  Applied  Mathematics,  Tbilisi  State 
University,  2  University  Str.,  Tbilisi  380043,  Georgia.  E  —  mail  : 
kaladze@viam.hepi.edu.ge 

AbstractConstruction  of  the  theory  of  the  nonlinear  Rossby  waves 
in  conductive  and  nonconducting  layers  of  the  atmosphere  in  the 
prersence  of  zonal  and  meridional  circulation  is  attempted  for  the 
first  time.  The  analytical  expressions  describing  dynamics  of  neu¬ 
tral  and  conductive  vortices  are  obtained.  Structural  peculiarities 
of  vortices  depending  on  quantity  of  magnetic  gyroscopic  forces  are 
considered.  Possibility  of  excitation  of  linear  and  nonlinear  Rossby 
waves  due  to  the  shift  of  the  geographical  and  the  geomagnetic  co¬ 
ordinates  is  considered.  Results  of  developed  theory  are  compared 
with  data  of  observations. 
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FREE  NONLINEAR  VORTICAL  ROSSBY  STRUCTURES 
IN  THE  EARTH’S  IONOSPHERE 

T.  D.  Kaladze,  Vekua  Institute  of  Applied  Mathematics,  Tbilisi 
State  University,  2  University  str.,  Tbilisi  380043,  Georgia.  E  — 
mail :  kaladze@viam.hepi.edu.ge  P.  K.  Shukla,  Institute  of  Theo¬ 
retical  Physics,  Faculty  of  Physics  and  Astronomy,  Ruhr-University 
Bochum,  D-44780  Bochum,  Germany.  E  —  mail :  ps@lpi.ruhr  — 
uni  —  bochum.de 

Abstract  The  question  of  the  influence  of  the  interaction  between 
ionized  component  of  the  ionosphere  and  the  Earth’s  magnetic  field 
on  the  properties  of  the  Rossby  waves  in  all  (D,  E  and  F)  layers 
of  the  ionosphere  is  considered  for  the  first  time.  In  this  case,  the 
medium  is  under  the  action  of  not  only  spatially  inhomogeneous 
Coriolis  force  but  also  under  spatially  inhomogeneous  Lorentz  force. 
This  leads  to  the  new  effects  and  properties  of  the  Rossby  waves. 
The  magnetized  Rossby  waves  and  vortices  are  found  in  the  E-layer. 
The  real  natural  mechanism  which  can  lead  to  the  inversion  of  the 
propagation  direction  of  free,  noncaptured  by  flows,  Rossby  waves 
is  indicated.  The  damping  decrement  due  to  the  induction  (mag¬ 
netic)  inhibition  of  the  Rossby  waves  in  the  F-  layer  is  defined.  The 
original  nonlinear  equations  describing  the  vortical  formation  dy¬ 
namics  in  the  D,  E  and  F  layers  are  obtained. 


THE  HAMILTONIAN  DESCRIPTION  OF  WAVES  IN  A  STRAT¬ 
IFIED  ROTATING  FLUID 

A.A.Kurkin  (Nizhny  Novgorod  State  University,  23  Gagarin  ave.,  603600  Nizhny 
Novgorod,  Russia) 

A  Hamiltonian  theory  of  nonlinear  interaction  of  surface  Kelvin  and  gravity 
waves  in  a  layer  of  rotating  fluid,  of  internal  and  surface  waves  in  a  double 
layer  ocean,  and  barocliuic  Rossby  waves  on  a  sphere  is  constructed.  The 
transformations  of  ordinary  physical  variables  to  normal  canonical  variables 
are  found  for  internal  and  surface  waves  in  a  double  layer  model  of  the  density 
distribution.  These  normal  variables  are  used  for  calculation  of  the  coefficients 
of  three-wave  and  four-wave  interaction  these  waves,  for  analysis  of  stability 
of  quasimonochromatic  trains  of  surface  waves  with  respect  to  self-modulation 
and  self-focusing,  and  for  obtain  the  solution  for  the  solitary  surface  waves.  On 
the  basis  of  the  theory  developed  the  self-action  of  baroclinic  Rossby  waves  in 
a  spherical  layer  of  rotating  fluid,  the  decay  instability  of  short  surface  Kelvin 
waves  in  the  presence  of  a  given  long  gravity  wave,  as  well  as  stabilization  of 
the  decay  instability  due  to  phase  mismatch  of  the  interacting  waves  on  cubic 
nonlinearity  of  the  medium  are  studied.  The  growth  rates  of  the  decay  and 
modulational  instabilities  are  estimated  for  typical  parameters  of  the  oceanic 
waves. 


NONLINEAR  INTERNAL  WAVES  OF  ARBITRARY  LENGTHS 
IN  THE  OCEAN  WITH  THE  DENSITY  JUMP 


THREE-DIMENSIONAL  INTERNAL  GRAVITY  WAVES  :  A 
HIGH-RESOLUTION  NUMERICAL  STUDY 


G.A.  Khabakhpashev  and  O.Yu.  Tsvelodub  (Institute  of  Thermophysics 
SB  HAS,  Novosibirsk  630090,  Russia;  E-mail:  geshev@otani.thermo.nsk.su) 


Dynamics  of  the  interface  three-dimensional  perturbations  in  the  two-layer  liq¬ 
uid  bounded  by  gently  sloping  rigid  lid  and  bottom  is  studied.  In  the  system 
with  horizontal  lid  and  bottom  the  new  equation  for  plane  steady-state  waves 
running  in  the  direction  of  the  z-coordinate  increase  has  the  following  form: 


(U>.-pJA,)q-/jgA,g-CU’  (l  +  id,)  + 


Here  (  ss  x  (/i,  i  is  the  time,  (/  is  the  speed  of  the  wave  propagation,  ^ 
is  the  acceleration  of  free  fall.  The  coefficients  6,  0,  7  and  depend 

only  on  the  gMmetric  and  physical  parameters  of  the  system.  This  equation 
has  the  solution  of  the  Stokes  wave  type  which  coincides  with  the  well-known 
expansions  in  the  limits  of  deep  and  equal  shallow  layers.  Some  solitary  and 
periodic  solutions  of  the  model  differential  equation  were  found  numerically. 
This  work  has  financial  support  of  the  Rus.  Foundation  for  Basic  Researches 
(grant  N  96-01-01766)  and  of  the  SB  Rus.  Acad.  Sci.  (integr.  progr.  N  43). 


C.R.  Koudella  (1)  and  C.  Staquet  (2) 

(1)  Laboratoire  de  Physique,  ^ole  Normals  Sup^rieure  de  Lyon,  46  allee 
d'ltalie,  69364  Lyon  Cedex  07,  France,  (2)  LEGl,  BP  85,  38041  Grenoble  Cdx 
3,  France. 

We  present  high  resolution  numerical  results  on  the  dynamics  of  three- 
dimensional  internal  gravity  waves  in  a  stably  stratified  Boussinesq  fluid.  Our 
study  focuses  on  the  evolution  of  large  scale  plane  monochromatic  internal 
waves  in  time,  their  instabilities,  their  breaking  and  the  resulting  stratified  tur¬ 
bulent  regime.  Of  particular  interest  is  the  production  and  interaction  with  an 
essentially  three-dimensional  non-propagating  component  of  the  motion  asso¬ 
ciated  with  potential  vorticity. 

In  a  prior  two-dimensional  study  it  was  found  that  provided  the  initial  wave 
amplitude  is  small  enough,  the  initial  large  scale  internal  wave  is  destabilized  by 
resonant  wave-wave  interactions.  The  final  breakdown  of  the  wave  field  occurs 
via  a  global  shear  layer  instability.  Although  the  resonant  interaction  instability 
mechanism  is  likely  to  be  conserved  for  small  initial  amplitude  internal  waves 
in  three  dimensions,  the  later  stages  of  the  loss  of  wave  coherence  processes  are 
expected  to  display  a  genuinely  three-dimensional  behavior,  the  caracteristics 
of  which  shall  be  presented  during  the  talk. 


EVOLUTION  OF  AN  ENSEMBLE  OF  VORTICES  ON  A  BETA-PLANE  IN 
THE  EQUIVALENT  BAROTROPIC  MODEL 

G.K.  Korotaev  and  V.L.  Dorofeev  (Marine  Hydrophysical  Institute,  2  Kapitanskaya 
St,  335000,  Sevastopol,  Crimea,  Ukraine) 

The  classical  feature  of  two-dimensional  turbulence  is  die  formation  of  coherent 
vortices  from  the  initially  random  field.  The  merging  of  vortices  of  the  same  sign 
provides  the  spectral  transport  of  energy  to  larger  scales.  There  is  a  tendency  of 
q>ectral  transport  of  energy  toward  the  Rossby  radius  scale  if  to  consider  die  equivalent 
barotropic  model.  A  beta-efiect  produces  additional  length  scale  that  determines  the 
boundary  between  weak  (wave-like)  and  strong  turbulence.  In  this  study  we  consider 
the  behavior  of  the  ensemble  of  vortices  spread  uniformly  over  the  area  of 
integration.  We  assume  that  vortices  emerged  earlier  and  have  the  scale  close  to  the 
Rossby  radius.  We  use  a  Poison  statistic  to  generate  the  initial  field  consisted  of 
Gaussian  vortices.  The  turbulent  beta-scale  and  die  Rossby  radius  have  the  same  order 
of  magnitude  in  our  simulations.  The  potential  vorticity  equation  is  integrated 
numerically  by  thequasi-spectral  method  in  the  squared  domain  with  periodical 
boundary  conditions.  Some  vortices  disappear  at  the  beginning  of  integration  due  to 
die  merging  or  under  the  influence  of  strain.  Remaining  vortices  together  with  radiated 
Rossby  waves  form  the  slow  evolved  turbulent  field.  It  is  remarkable  diat  the  energy 
of  vortices  depends  only  on  the  value  of  its  meridional  displacement  from  die  initial 
position  and  its  initial  scale.  The  dependence  is  the  same  as  for  the  single  vortex  of  the 
same  shape  freely  propagating  on  a  beta-plane.  Thus  we  can  calculate  the  energy  of 
vortices  based  on  their  trajectories.  Next  we  compare  the  evolution  of  each 
vortex  from  the  ensemble  with  the  freely  propagating  single  vortex  ofthe  same  shape 
for  the  same  time  of  integration.  We  found  that  the  fieely  propagating  vortex 
displaces  fora  larger  distance  along  the  meridian.  Thus  a  vortex  from  the  ensemble  has 
smaller  energy  lost  for  the  same  time.  It  means  that  vortices  in  turbulent  field  not  only 
radiate  Rossby  waves  butalso  extract  energy  from  the  wave  field.  The  possibility 
of  energy  flux  from  a  plane  wave  to  a  single  vortex  we  showed  earlier.  The  looping 
of  trajectories  of  vortices  and  the  dme-space  spectra  of  the  wave  field  gives  evidence 
of  the  energy  exchange  between  vortices  and  waves  in  turbulent  flow. 


LONG  TIME  EVOLUTION  OF  GRAVITY  WAVES 
M.  Landrini  (1),  0.  Osbri  (2),  T.  Waseda  (2,3)  and  M.  P.  Tulin  (2) 

(1)  INSEAN,  Rnma,  Italy,  (2)  Ocean  Engineering  Laboratory,  UCSB,  CA93106, 
(3)  International  Pacific  Research  Center,  SOEST,  UH,  HI96822. 
twasedaCakule .  soest  .hasaii .  adu/Fax:  [808]9S6-9425 
At  least  four  theoretical  avenues  for  the  non-linear  prediction  of  long  time, 
conservative,  wave  evolution  exist:  kinetic  equations,  narrow  banded  PDE  of 
the  cubic  Schrodinger  type  (NLS),  narrow  banded  PLUS  (e.g.  Dysthe  eq.),  fully 
non-linear  computations  (FNL).  Careful  systematic  comparison  between  these 
methods  and  with  experiments  is  lacking.  Here  we  report  some  results  showing 
comparisons  between  several  theoretical  predictions  of  the  evolution  of  a  system 
beginning  as  a  carrier  wave  plus  small  closely  spaced  side-bands,  {uc  ±  Su). 
The  FNL  is  able  to  predict  wave  overturning  and  breaking  and  we  have  made 
a  comparison  of  the  breaking  predictions  with  observations  in  our  systematic 
wave  tank  experiment  (see  our  companion  paper  here  by  Tilin  &  Waseda).  The 
agreement  is  very  good  in  tracing  out  the  breaking  boundary  in  Su,  ka  space 
and,  therefore,  the  FNL  has  been  taken  as  a  benchmark.  Evolution  results  are 
contrasted  with  those  from  three  difierent  weakly  non-linear  models:  Krasitskii 
(5  waves:  w,,  Wc  i  Juj,  Wc  ±  26u),  NLS;  Dysthe.  The  rank  order  of  performance 
was:  Krasitskii  (5),  Dysthe,  NLS.  The  success  of  Krasitskii  (5)  is  due  to  the 
additional  waves  at  w,  ±  2Sai\  without  it  Krasitskii  (3)  fails  like  the  NLS.  As 
the  breaking  condition  is  closely  approached  large  deviations  suddenly  appear 
between  the  FNL  and  Krasitskii  (5),  best  of  the  analytical  methods,  perhaps 
indicative  of  a  fmlure  of  the  weakly  non-linear  approximation  there. 
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ON  THE  THREE-WAVE  INTERACTIONS  IN  THE  ATMOSPHERIC  TIDAL 
SYSTEM 

S.B.  Leble(l),I.V.  Kaipov(2) 

(1)  Technical  University  of  Gdansk^oland, 
leWe@mifgate.pg.gla.pl/FAX;Polonia  (58)  3-47-28-21 

(2)  West  Department  of  IZMIRAN^liningrad, Russia, 
yk@izmiran.koenig.su/FAX:(7-0 1 12)2 1 5606 

The  influence  of  the  upward  propagating  solar  migrating  tide  on  the  thermosphere  is 
considered  by  the  numerical  modelling  methods.The  calculations  show  that  the 
propagation  of  this  tide  excites  the  nonmigrating  tides  in  the  lower 
thermosphere.These  diurnal  and  semidiurnal  nonmi^ting  tides  have  the  significant 
contribution  in  the  global  thermospheric  variations.  It  is  assumed  that  basic  mechanism 
of  the  noiimigrating  tides  generation  is  determined  by  the  three-waves  interactions  in 
the  tides  -  mean  atmospheric  state  system.  The  wave  vector  components  of  the  diurnal 
and  semidiurnal  nonmigrating  tides  generated  in  the  lower  thermosphere  have  the 
agreement  with  the  resonant  relations  in  the  three-wave  system.  Some  model  based  on 
periodical  solutions  of  the  three-wave  system  is  proposed  and  compared  with  the 
numerical  one. 


A  SEMI-LAGRANGIAN  FINITE  ELEMENT  BAROTHOPIC 
OCEAN  MODEL 

D.Y.  Le  Roux  (1),  C.A.  Lin  (1)  and  A.  Staniforth  (2) 

(1)  Department  of  Atmospheric  and  Oceanic  Sciences,  C’GCR,  Me  Gill  Univer¬ 
sity,  and  CERCA,  (2)  Meteorological  Researdi  Branch,  Environment  Canada 
dleroux@cerca.umontreal.ca  /  Fax :  (S14)  369  3880 

A  barotropic  two  dimensidnal  flow  is  simulated  by  discretizing  the  inviscid 
shallow  water  equations  using  the  flnite-element  and  semi-Lagrangian  methods 
on  unstructured  triangular  meshes.  The  treatment  of  the  nonlinear  Rossby 
waves  is  fourth  order  accurate  by  using  a  kriging  interpolation  sdieme.  Two 
experiments  are  performed  in  the  Gulf  of  Mexico  to  test  the  ability  of  the 
model  to  simulate  slowly-propagating  nonlinear  Rossby  modes.  We  simulate 
the  trajectory  of  a  typical  anticyclonic  eddy  which  is  shed  off  the  Loop  Current. 
Firstly,  the  model  is  run  as  a  reduced-gravity  model  with  parameters  set  to 
correspond  to  the  first  internal  vertical  mode  of  a  baroclinic  model.  Secondly, 
the  external  mode  is  run  with  realistic  bathymetry.  The  residual  circulation 
over  a  topographically  irregular  coastal  channel  driven  by  a  time-varying  wind 
stress  is  also  examined.  A  last  test  reproduces  the  propagation  of  a  Rossby 
soliton  on  an  equatorial  )5-plane. 


NORMAL  FORMS  FOR  SHALLOW  WATER  EQUATIONS 
S.  B.  Medvedev 

Department  of  Physics,  University  of  Toronto,  Toronto,  Canada,  MSS  1A7. 
sergueiOatnosp. physics. utoronto.ca/Fax;  [-1-416]  978  8905 
Several  normal  forms  is  considered  for  the  shallow  water  equations.  A  first  form 
is  the  Poincare  normal  form.  A  second  form  is  a  cosymmetric  normal  form.  A 
third  form  is  the  Hamiltonian  form. 

The  Poincare  normal  form  can  be  extented  for  partial  differential  equations, 
that  have  linear  ordinary  equations,  as  a  main  part.  Poincare  normal  forms  of 
the  shallow  water  equations  on  beta-plane  and  for  large  scale  (with  respect  to 
Rossby  radius)  are  found. 

Cosymmetric  normal  form  of  gradient  systems  with  a  skew-symmetric  bracket 
and  a  definite  determining  function  (functional)  is  constructed,  This  form  guar¬ 
antees  an  exact  conservation  of  energy.  The  cosymmetric  form  of  the  shallow 
water  equations  is  found. 

A  asymptotical  version  of  the  Darboux  theorem  for  the  field  Hamiltonian  sys¬ 
tems  is  proved.  The  Poisson  brackets  of  the  equation  for  the  Rossby  waves,  the 
shallow  water  equations  on  beta-plane  and  the  one-dimensional  baroclinic  fluid 
are  considered  as  examples  of  an  theorem  application. 

A  set  of  canonical  equations  for  Rossby  waves  are  constructed.  Using  reso¬ 
nance  theory,  the  Hamiltonian  system  for  Rossby  and  inertia-gravity  waves  are 
obtain,  that  describes  the  inain  resonance  interactions  only.  It  is  found  that 
an  asymptotical  normal  form  of  the  Poisson  bracket  for  the  one-dimensional 
baroclinic  fluid  is  a  direct  product  of  the  canonical  and  zero  brackets. 


The  Flux  Vector  Splitting  Method  Application  for  the  Numerical  Solution  of 
Shallow  Water  Equations . 

H.Meladze(»),  T.Gvelesiani  (••),E.Mass  (♦••),  A.Chanturia(»***). 

•  Doctor  Sci.  (Math),  Prof.  Head  of  Depattment,Faculty  of  Applied  Math.Tbilisi  State 
University. 

•  *  Doctor  Sci.  (Eng),  Prof.  -  Georgian  Institute  for  Power  &  Stmetures  -  Tbilisi, 
Georgia 

**•  Doctor  Sci.  (Eng),  Prof.,memb.Russian  Academy  of  Sci.  Private  ExpertJIaifa, 
Israel;  BraxellRelgium. 

**•  ♦A.Chanmria  -  post-graduate  student.  Faculty  of  Applied  Math.  Tbilisi  State 
University. 

Implicit  and  explicit  finite  -  difference  schemes  based  on  the  Flux  Vector  Splitting 
(FVS)  method  for  numerical  solution  of  hyperbolic  equations  system  describing  water 
motion  in  open  channels  are  built.  The  convergence  of  the  above  solutions  with 
smooth  periodic  solutions  of  the  corresponding  boundary-values  problems  is  proved. 
The  computational  formulae  are  simple  and  handy.  The  schemes  possibilities  are 
illustrated  by  numerical  tests. 


NONLINEAR  STABILITY  AND  INSTABILITY  OF  ZONAL 
WIND  IN  THE  ATMOSPHERE 
Mu  Mu  fc  Tang  Mozhi 

Institute  of  atmospheric  Physics,  Chinese  Academy  of  Sciences,  Bering  100029, 
China. 

BUBuOaun .  ihep .  ac .  cn/Fax:  [86]  10-62028604 

Amol’d’s  nonlinear  stability  theorems  are  applied  to  study  the  nonlinear 
stability  and  instability  of  zonal  wind  in  middle  and  high  latitude  atmosphere. 
The  relationship  between  the  stream  function  and  the  potential  vorticity 
on  the  500  hPa  isobaric  surface  is  investigated.  The  results  demostrate  that 
Atnol’d’s  second  theorem  is  more  important  than  the  first  theorem  in  the 
study  of  nonlinear  stability  of  quasigeostrophic  motions  in  the  atmosphere, 
since  the  stream  function  decreases  with  increase  in  the  potential  vorticity, 
which  satisfies  the  second  theorem  rather  than  the  first  one. 

On  the  basis  of  the  above  analysis,  a  method  of  the  optimal  determination  of 
the  "basic  flow”  is  proposed  to  study  the  nonlinear  stability  and  instability  of 
zonal  wind  in  the  middle  and  high  latitude  atmosphere.  The  results  show  that 
the  stable  flows  in  the  synoptic  chart  satisfy  the  Arnol’d’s  second  theorem,  and 
the  unstable  flows  destroy  the  conditions  of  Arnol’d’s  second  theorem.  AH  these 
studies  demostrate  that  Arnol’d’s  second  stability  theorem  is  of  importance  in 
the  diagnosis  of  the  stability  and  instability  of  atmospheric  motions. 


SHALLOW  WATER  SURFACE  WAVES:  THE  WHITHAM 
EXPANSION,  KDV  HIERARCHY  AND  LIE  TRANSFORM 

M.  Onomto.  A.R.  Osborne 

Dqiaitiniento  di  Fisica  Generale  dell'Univeisith  di  Torino,  Italy 
e-mail;  onorato(®polito.it/Fax-Tel:+39  - 11  -  6707455 

The  Koiteweg-de  Vries  equation  for  water  waves  arises  from  a  first  order 
multiscale  expansion  of  the  Euler  equation  in  the  case  of  iirotational  flow 
and  unidirectional  waves.  If  terms  of  second  order  are  retained  in  the 
expansion,  a  physically  important  etjuation,  still  unexplored,  is  derived, 
liiis  equation,  referred  to  as  the  Whitham  11  equation,  describes  shorter 
and  higher  waves  with  respect  to  the  KdV  equation  but  has  the  big 
disadvantage  of  not  being  integrable  in  the  sense  of  the  inverse  scattering 
transform.  Following  the  idea  of  Kodama  (Physics  Letters,  1 12A,  1985), 
we  show  that  by  applying  a  Lie  transform  (a  near  identity  transformation), 
the  Whitham  II  equation  reduces  asymptotically  to  the  second  equation  in 
the  KdV  hierarchy  which  is  known  to  lx  completely  integraUe  and  allows 
a  representation  of  die  wave  amplitudes  in  terms  of  theta  functions  for 
periodic  bound^  conditions.  We  investigate  numerically  both  equations 
using  a  pseudo-spectral  method  and  discuss  the  (rhysical  meaning  of  the 
Lie  transform.  The  possibility  of  applying  the  Lie  transform  directly  to 
experimental  data  and  successively  analysing  them  through  the  inverse 
scattering  method  is  also  addressed. 
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TOWARDS  NUMERICAL  RESOLUTION  OF  THE 
PERIODIC  INVERSE  SCATTERING  FOR  THE 
KADOMTSEV-PETVIASHVILI  (KP)  EQUATION 

A.  R.  Osborne  (Istituto  di  Fisica  Generale  dell'UnivetsitSl,  Via  Pietro 
Giuria  1,  Torino  10125,  Italy). 

I  study  numerically  the  Floquet  structure  for  the  spectral  eigenvalue 
problem  for  the  KP  equation.  I  construct  the  Bloch  eigenfunctions  and 
study  their  behavior  for  a  class  of  periodic  potentials  as  candidate 
solutions  of  KP.  A  number  of  surprising  results  arise  as  a  consequence 
of  this  study.  First,  in  analogy  with  the  spectral  problem  for  the  KdV 
equation,  I  am  able  to  construct  the  algebraic  loop  integrals  of  KP 
which  lead  to  estimates  of  the  period  matrix,  wave  numbers, 
frequencies  and  phases  of  the  inverse  problem  in  terms  of  theta 
functions.  I  discuss  a  number  of  numerical  examples  for  which  I  am 
fully  able  to  construct  the  spectrum  and  then  to  reconstruct  the  input 
potential.  These  results  suggest  that  the  Floquet  problem  provides  a 
convenient  way  to  parameterize  uniquely  the  inverse  scattering 
transform  spectrum  and  to  construct  solutions  to  KP.  Furthermore,  it 
seems  likely  that  future-studies  will  be  able  to  use  these  results  for  the 
analysis  of  ocean  wave  data  in  order  to  study  the  nonlinear  behavior  of 
directionally  spread  shallow  water  wave  trains. 


TERMINAL  RADIATIVE  DAMPING  OF  A  SOLITARY  WAVE  IN 
ROTATIONAL  SYSTEMS 

L.  A.  Ostrovsky  (1)  and  R.  H.  J.  Grimshav,  J-M  He  (2) 

(1)  Institute  of  Applied  Physics,  Nizhni  Novgorod,  Russia;  Univ.  of  Col- 
orado/NOAA  Environmental  Technology  Laboratory,  Boulder,  CO,  USA), 

(2)  Monash  Univenity,  Clayton,  VA,  Australia, 
lostrovskjeetl. noaa.gov  /Fax:  [1]  (303)  497-3577 

The  evolution  of  a  solitary  wave  under  the  action  of  rotation  is  considered 
within  the  framework  of  the  rotation-modified  Korteweg-de  Vries  equation. 
Using  an  asymptotic  procedure,  the  solitary  wave  is  shown  to  be  damped  due 
to  radiation  of  a  dispersive  wave  train  propagating,  near  the  solitary  wave,  with 
the  same  phase  velocity  as  the  latter.  Such  a  synchronism  is  possible  because 
of  the  presence  of  rotational  dispersion.  The  law  of  damping  is  found  to  be 
"terminal”  in  the  sense  that  the  solitary  wave  disappears  in  a  finite  time.  The 
radiated  wave  amplitude  and  the  structure  of  the  radiated  "trul”  in  space-time 
are  also  found.  Some  numerical  results  are  given  which  confirm  the  approximate 
theory. 


SOME  REMARKS  ON  THE  PROBLEM  OF  WIND 
WAVE  GENERATION  IN  A  ROTATIONAL  FLOW 

Pavlov  V.  (UFR.  Math.  Pures  et  Appliquees,  Universite  de  Lille, 
56955  Villeneuve  d’Ascq  FRANCE), 

Eifler  W.  (Joint  Research  Center,  EU,  21020  Ispra  ITALY), 

The  question  of  how  the  wind  blowing  near  the  free  water  sur¬ 
face  generates  waves  remains  a  central  problem  in  wind- wave  re- 
searchs,  despite  the  large  amount  of  theoretical  and  experimental 
work.  We  consider  the  problem  in  the  framework  of  the  mecha¬ 
nism  of  wave  generation  by  intense  events  (bursts):  irregularities, 
localized  in  space  and  evolving  with  time,  and  moving  in  a  ro¬ 
tational  flow  near  the  air-sea  interface.  In  the  freunework  of  the 
proposed  mechanism,  the  analytical  expressions  for  the  dispersion 
relation  wa  =  tu[k,  U(0),  rot  U(0)]  of  the  generated  waves  and  for 
the  spectral  distribution  5'(k)  are  obtained.  It  is  shown  that  in  the 
framework  of  the  model  the  spectrum  5(k)  of  short  waves  is  direc¬ 
tionally  distributed,  i.e.  exhibits  a  peak  at  k„„,  and  has  a  rapid 
bluff  at  wavenumbers  less  then  kmas-  It  is  shown  that  the  frequency 
corresponding  to  this  dominant  peak  depends  on  the  characteris¬ 
tic  velocity  scale  (/.  The  calculations  are  compared  with  laboratory 
data.  A  satisfactory  agreement  between  the  predictions  and  the 
experimental  date  was  found. 


VARIABLE-COEFFICIENT  ROTATION-MODIFIED  EXTENDED 
KORTEWEG-DE  VRIES  EQUATION  FOR  OCEANIC  INTERNAL  WAVES 

Efim  Pelinovsky  ( 1 ),  Tatjana  Talipova  ( 1),  Alexey  Slunyaev  (1),  Roger  Grimshaw  (2), 
and  Peter  Holloway  (3) 

(1)  Institute  of  Applied  Physics,  46  Uljanov  Str.,  Nizhny  Novgorod,  603600,  Russia; 
email:  enpeli@appl.sci-nnov.ra, 

(2)  Monash  University,  Clayton,  Australia, 

(3)  Australian  Force  ^fence  Academy,  Canberra,  Australia 

A  nonlinear  model  for  the  evolution  of  the  internal  tide  in  the  shelf  zone  is  developed 
based  on  the  rotation-modified  extended  Korteweg-de  Vries  (gKdV)  equation.  This 
model  includes  quadratic  and  cubic  nonlinearity,  dispersion,  effects  of  the  Earth's 
rotation,  and  weak  horizontal  variability  of  the  background  stratification.  The  issue 
of  the  coirect  definition  of  the  coefficient  of  the  cubic  nonlinear  term  is  considered. 
Several  model  examples  of  the  density  stratification  are  used  to  obtain  analytical 
expressions  for  all  coefficients  of  the  basic  equation.  The  solitary  wave  transformation 
in  a  zone  of  variable  sign  for  the  coefficients  of  either  or  both  the  quadratic  and  cubic 
nonlinear  terms  is  studied.  The  nonlinear  vertical  modal  structure  of  these  internal 
waves  is  also  discussed.  Results  of  numerical  simulations  show  that  the  combined 
action  of  nonlinearity  and  rotation  leads  to  interesting  features  in  the  wave  forms 
including  solitary  waves  of  either  polarity,  thick  solitary  waves,  and  sharp  waves  with 
step-like  structure. 


SWASH  ZONE  MEASUREMENTS  IN  A  WAVE  FLUME 
Marco  Pettif  11.  Sandro  Longo  (2) 

1) DIC,  University  ofFlorence,  PETTI@INGni.ING.UNin.rr 

2) DISTART,  University  of  Bologna,  LONGO@IDRAULICA.ING.UNIBO.rr 

Wave  set-up  has  been  measured  on  impermeable  fixed  plane  beaches  by  a  number  of 
researchers,  from  Bowen  et  al  (1968)  to  Stive  (198S).  All  the  results  refer  to  beach 
slopes  tanging  between  0.022  and  0.1.  Starting  from  the  outcomes  resulting  from 
research  up  to  now,  we  have  carried  out  new  experiments  on  a  impermeable  beach 
with  constant  slope  and  with  different  values  of  the  surf  similarity  parameter.  The 
main  aim  of  these  experiments  is  to  take  detailed  measurements  in  die  swash  zone, 
where  strongly  non-linear  processes  occur,  and  to  compare  the  results  with  some 
existing  models.  The  experiments  took  place  in  the  wave  tank  (0.8  m  x  0.8  m  x  50  m) 
ofFlorence  Department,  equipped  with  second  order  generation.  The  measurements 
refer  to  free  surface  profiles,  to  run-up  and  run-down  limits  and  to  fluid  velocities.  The 
specific  equipment  used  were  twin  wire  water  level  meters,  pressure  transducers, 
image  analysis,  LDA  and  micro  propeller.  All  the  tested  waves  are  monochromatic, 
with  possible  future  extension  to  irregular  waves. 


EFFECT  OF  AIR  TURBULENCE  ON  THE  BENJAMIN-FEIR  IN¬ 
STABILITY  OF  GRAVITY  WAVES  ON  DEEP  WATER 

R.  Pontier,  G.  Chen  and  C.  Kharif 

IRPHE/IOA  Campus  de  Luminy-Case  903, 163  Avenue  de  Luminy,  13288  Mar¬ 
seille  Cedex  9,  Fance. 

It  is  well  known  that  weakly  nonlinear  wave  trains  of  gravity  waves  on  deep 
water  are  unstable  to  modulational  perturbations.  This  type  of  instability  (Ben¬ 
jamin  and  Feir  instability)  is  due  to  the  growth  of  sideband  perturbation  and 
produces  an  amplitude  modulation  of  the  original  wave  train.  The  role  of  this 
resonance  is  of  primary  importance  in  the  evolution  of  wavefields.  There  is  so 
far  no  numerical  experiments  concerning  the  effect  of  air  turbulence  on  the  non¬ 
linear  stage  of  this  instability.  In  this  work,  we  investigate  numerically  effects 
of  turbulent  air  flow  on  the  growth  rate  of  the  Benjamin  and  Feir  instability. 
The  numerical  model  consists  essentially  of  two  parts:  hydrodynamic  part  for 
surface  gravity  waves,  and  aerodynamic  part  for  air  flow.  The  potential  theory 
is  used  to  solve  the  evolution  of  gravity  waves  on  deep 

water.  The  velocity  and  pressure  distribution  in  the  air  flow  over  waves  is 
governed  by  the  Reynolds  averaged  Euler-equations  for  an  incompressible  flow. 
Different  turbulent  closure  schemes  are  used  to  parameterize  the  turbulence. 
The  coupling  between  the  air  flow  and  waves  is  made  through  the  dynamic  and 
kinematic  conditions  at  the  free  surface.  The  present  numerical  experiment  will 
be  compared  with  laboratory  experiments  on  mechanically  generated  waves 
with  wind  blowing  over  them,  which  showed  that  gentle  wind  tends  to  enhance 
growth  whereas  strong  wind  suppress  it. 
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PASSING  OF  AN  INTERNAL  SOLITARY  WAVE  OVER  A  STEP 
C.  Ramirez  and  D.  Renouard 

Laboratoire  des  Ecoulements  Gdophysiques  et  Industriels/  Coriolis 
dominique.renouaFd@img.fr 

We  study  the  effect  of  a  sudden  change  of  depth  upon  an  incident  internal  solitary 
wave.  We  installed  a  shelf,  70  cm  high  and  8  m  long  in  the  13  m  diameter  rotating 
tank.  The  slope  has  a  cos2  shape  and  is  50  cm  wide.  A  5  m  long  Internal  solitary  wave 
generator  is  located  at  some  distance  from  the  slope  and  the  incidence  angle  can  be 
varied.  The  tank  is  filled  with  a  two-layer  system  of  salted  and  fresh  water  and  the 
interface  height  variations  with  time  are  recorded  with  a  0.5  mm  accuracy.  In  non- 
rotating  fluid  and  for  small  (Weakly  nonlinear)  waves,  the  refraction  angle  agree  with 
the  analytical  model  developed  by  Pinettes  et  (Fluid  Dyn.  Res.  16  (1.995)  2 17-235), 
but  for  larger  amplitude  solitary  waves  the  refraction  angle  is  significantly  larger  than 
predicted.  It  appears  that  this  is  due  to  nonlinearity  and  that  rotation  effects  are  one 
order  of  magnitude  less  important  than  nonlinear  effects.  Special  attention  is  also 
concentrated  upon  the  local  perturbation  which  moves  along  the  shelf  break.  This 
work  is  a  contribution  to  MAST3-MORSE-  CT95-0027-Prograirrmc. 


LONG-TERM  EVOLXJTION  OF  INTENSE  BAROTROPIC  VORTEX  ON 
BETA-PLANE 

G.M.Reznik(l),  E.Benilov(2),  R.Grimshaw(3) 

(1)  P.P.Shirshov  Institute  of  Oceanology,  Moscow,  Russia 
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(3)  Monash  University,  Melbourne,  Australia 
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Scaling  and  numerical  analysis  of  the  barotropic  vortex  on  beta-  plane  reveals  that  the 
vortex  passes  through  the  following  stages;  1)  development  ofthe  secondary  dipolar 
circulation  (beta-gyres)  forcing  the  vortex  to  move;  2)  intensification  of  the 
quadroupole  and  secondary  axisymmetrical  components  and  the  vortex  deceleration; 
3)  the  vortex  decay  and  destniction.  To  describe  the  second  stage  we  developed  for  an 
intense  vortex  wifli  piecewise  constant  potential  vorticity  a  theory  taking  into  account 
conservation  of  the  vortex  energy  and  enstrophy.  The  theory  allows  to  calculate  the 
quadroupole  and  axisymmetrical  corrections  and  the  correction  to  the  translation 
vortex  speed.  In  accordance  with  the  theory  the  vortex  deceleration  is  induced  by  the 
secondary  beta-gyres  resulting  from  the  interaction  between  the  primary  beta-gyres 
and  the  quadroupole  and  secondary  axisymmetrical  corrections.  All  analytical  results 
are  in  a  good  agreement  with  numerical  experiments  carried  out  by  other  authors. 
Using  the  conservation  laws  we  obtained  that  the  vortex  lifetime  is  directly 
proportional  to  the  vortex  amplitude  and  inversely  proportional  to  the  group  velocity 
of  Rossby  waves.  The  lifetime  of  the  open  ocean  eddies  (oceanic  rings)  is 
approximately  equal  to  130  (650)  days.  Analysis  of  the  residual  produced  by  the 
asymptotic  solution  explains  why  the  solution  is  a  good  approximation  for  times 
much  longer  than  the  formal  time  of  its  applicability. 


HAMILTONIAN  APPROACH  TO  THE  DERIVATION  OF 
EVOLUTION  EQUATIONS  FOR  NONLINEAR 
WAVE-PACKETS  IN  UNSTABLE  MEDIA 

X.X. Romanova 

Institute  of  .Atmospheric  Physics,  Moscow 
Xataaomega.ifaran.ru 

The  evolution  equations  for  weakly  nonlinear  wave-packets  propagating  in 
unstable  medium  are  considered.  It  is  shown  that  the  commonly  used  normal 
variables  are  not  appropriate  for  description  of  marginally  stable  wave-packets. 
For  a  broad  class  of  Hamiltonian  dynamical  systems  we  construct  the  canonical 
variables  based  on  the  linear  combination  of  eigenvectors  corresponding  to  the 
two  weakly  coupled  modes.  Using  these  variables  we  derive  evolution  equations 
.both  for  weakly  unstable  and  marginally  stable  wave-packets.  .Also  derived  are 
the  three-wave  resonance  equations  including  cases  when  one  of  the  interac- 
tiong  waves  is  marginally  stable  or  weakly  unstable.  As  a  particular  case  we 
obtained  that  the  participation  of  a  marginally  stable  wave  in  the  resonance 
interaction  can  lead  to  the  explosive  instablily  the  growth  rate  of  which  exceeds 
that  one  for  the  case  when  all  the  interacting  waves  are  stable.  The  results  are 
applied  for  investigation  of  resonance  wave  interactions  in  the  n-layer  model 
of  the  atmospheric  stratified  shear  flow.  The  Hamiltonian  approach  simplifies 
essentially  the  calculation  of  the  interaction  coefficients  which  is  formidable 
when  we  consider  the  intermodal  interaction. 


SOME  PROPERTIES  OF  WIND  WAVES  PROPAGATING  ON 
SURFACE  CURRENTS 

Igor  Sazonov  (1),  Victor  Shrira  (2)  and  Guillemette  Caulliez  (3) 

(1)  Institute  of  Atmospheric  Physics,  Pyzhevskiy  per.3, 109017,  Moscow,  Rus¬ 
sia,  ,  (2)  Department  of  Applied  Mathematics,  University  College  Cork,  Ireland, 
(3)  Laboratoire  Interaction  Ocean  Atmosphere  IRPHE,  163  Avenue  de  Luminy 
-  Case  903,  13288  Marseille  Cedex  9,  France. 

Growing  demand  of  remote  sensing  prompt  us  to  re-examine  the  measurable 
properties  of  wind  waves  on  the  "real”  surface  currents.  Both  the  laminar  and 
turbulent  types  of  current  profiles  with  the  parameters  taken  from  laboratory 
and  field  measurements  were  investigated.  In  the  result  of  asymptotic  and  nu¬ 
merical  analysis  of  linearized  Rayleigh  boundary  value  problem  it  was  found 
that  the  week  flow  approximation  based  upon  smallness  of  the  current  to  wave 
phase  velocity  ratio  introduced  by  [Stewart  &  Joy,  1974]  gives  surprisingly  good 
results  for  real  part  of  dispersion  relation  well  beyond  the  domain  of  its  asymp¬ 
totic  validity.  Our  work  closes  long  debated  question  on  the  possible  role  of 
Miles’  type  instability:  being  very  sensitive  to  the  specific  shape  of  profile  it 
was  found  that  for  the  typical  turbulent  profiles  the  growth  rates  are  four  or¬ 
ders  less  than  for  laminar  and  model  profiles  used  earlier  for  estimations,  and 
thus  are  below  the  viscous  threshold.  Making  use  of  semi-Lagrangian  reference 
frame  it  was  also  found  that  wave  kinetic-to-potential  energy  ratio  may  deviate 
up  to  several  tens  of  percents  from  unity,  the  maximal  deviation  being  reached 
when  the  wavenumber  times  effective  current  thickness  is  of  order  of  unity. 


SEA  SURFACE  MANIFESTATIONS  OF  LARGE-AMPLITUDE  INTERNAL 
WAVES  DURING  DIFFERENT  WIND  CONDITIONS 

A.N.Serebtvanv  and  K.D.Sabinin 

N.N.Andreyev  Acoustics  Institute,  Moscow  1 17036,  Russia 
E-mail:  aserebiyany@glasnet.iu 

Observations  were  made  near  the  Mascarene  Ridge  in  the  Indian  Ocean  under 
different  sea  conditions  (winds  8-10  m/s  and  calm  weadier).  In-situ  and  radar 
observation  techniques  were  used  to  measure  internal  waves  from  a  towing  or  a 
drifting  vessel.  Shatply  distinguished  internal  wav«  of  three  main  types  were  found, 
with  amplitudes  up  to  70-90  m.  The  origin  of  the  1st  and  2nd  internal  wave  types 
was  connected  with  an  internal  hydraulic  jump  on  the  lee  side  of  the  sill.  The  origin 
of  the  3rd  type  was  related  to  the  nonlinear  evolution  of  the  internal  tide  as  it 
radiated  from  the  sill  edge  to  the  open  ocean.  All  of  these  waves  had  strong 
interactions  with  the  sea  surface,  and  were  clearly  seen  in  the  radar  images.  Internal 
waves  manifested  as  a  single  wide  band  (for  solitary  waves)  or  as  sets  of  periodic 
striations  (for  internal  wave  packets).  The  radar  image  of  the  solitary  waves  varied, 
depending  on  the  background  sea  conditions.  In  the  case  of  calm  weather,  solitary 
waves  appeared  as  a  single  bright  band  on  a  dark  background,  while  for  wind-wave 
conditions,  the  waves  appeared  as  a  single  dark  band  on  a  lighter  background.  An 
explanation  of  the  features  is  offered;  our  hypothesis  is  that  wind  waves  are 
modulated  by  the  orbital  currents  of  internal  waves.  Correlations  between  die 
position  of  the  characteristic  band  on  the  sea  surface  and  internal  wave  phase  are 
revealed  and  demonstrated  by  the  observed  examples.  Evidence  of  generation  of 
intense  surfoce  waves  by  a  huge  solitary  internal  wave  during  absolutely  calm 
weather  is  presented  in  detail. 


NONLINEAR  DYNAMICS  OF  A  BAROTROPIC  WAVE  PACKET 
IN  A  WEAKLY  SUPERCRITICAL  ZONAL  FLOW 
S.V.  Sbagalov,  V.P.  Reutov  and  G.V.  Rybushklna 
(Institute  of  Applied  Physics,  Rus.  Acad.  Sci.,  Nizhny  Novgorod) 

Finite-amplitude  dynamics  of  a  barotropic  wave  packet  in  a  weakly 
supercritical  horizontally  sheared  zonal  flow  in  the  presence  of  a  critical 
layer  is  studied  within  the  beta  plane  approximation.  Small  supeccrit- 
icality  defined  through  the  gradient  of  the  planetary  vorticity  and  the 
Eckman  dissipation  parameter  specifies  the  narrow  bandwidth  of  the 
instability  range.  An  asymptotic  approach  involving  expansions  with 
respect  to  the  supercriticality  and  spectral  bandwidth  has  been  elabo¬ 
rated  to  extend  the  nonlinear  critical  layer  theory  on  the  case  of  the 
wave  packet  with  a  slow  spatial  variation.  The  system  of  two  coupled 
equations  governing  the  evolution  of  the  complex  wave  amplitude  and 
potential  vorticity  inside  the  critical  layer  is  derived.  For  the 

solution  of  the  problem  a  numerical  scheme  including  the  Fourier  se¬ 
ries  expansion  along  the  flow  direction  and  the  finite-difference  approx¬ 
imation  across  the  critical  layer  b  realized  for  the  periodic  boundary 
conditions  corresponding  to  the  annular  zonal  flow.  The  problem  b  re¬ 
duced  to  the  Ginzburg-Landau  equation  whenever  the  supercriticality  b 
small  enough  for  the  critical  layer  to  be  in  a  viscous  regime.  In  thb  case 
well  known  from  the  laboratory  modeling  competition  between  spectral 
component  of  the  wave  packet  has  been  revealed.  As  the  supercritical¬ 
ity  increase  the  system  demonstrates  transition  to  chaos.  The  route  to 
chaos  turns  out  to  be  very  close  to  that  predicted  by  the  Ruelle-Takens 
theory. 


\ 
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NONLINEAR  DEVELOPMENT  OF  UNSTABLE  DISTURBAN- 
CES  ON  THE  MAGNETOFLIHD  FREE  SHEAR  FLOW  WITH  A 
PARALLEL  MAGNETIC  FIELD 

I.  G .  Shukhman 

Institute  of  Solar-Terrestrial  Physics,  664033  Irkutsk,  P.O.Box  4026,  Russia. 

•hukhmaxiCiszf .  irk .  ru 

A  study  is  made  of  the  spatial  downstream  evolution  of  a  weakly-unstable 
disturbance  excited  by  an  external  source  of  a  frequency  u  close  to  the  frequency 
of  a  marginally  stable  (neutral)  mode,  in  a  mixing  layer  of  almost  perfectly 
conducting,  nearly  inviscid  fluid  with  an  uniform  parallel  magnetic  field.  The 
nonlinear  dynamics  of  such  a  disturbance  is  governed  largely  by  two  critical 
layers,  i.e.  by  two  narrow  regions  on  the  flow  profile  Vg  s  t<(y)  near  critical 
levels  y  ~  {j  =  ±1),  on  which  the  resonance  condition  u(yi;i)  =  e  ±  is 
satisfied.  (Here  e  being  the  wave’s  phase  velocity  corresponding  to  the  neutral 
mode,  and  is  the  Alfven  velocity.) 

A  nonlinear  integro-differential  evolution  equation  is  derived  for  a  complex  am¬ 
plitude  of  the  disturbance,  which  holds  good  for  all  possible  regimes  of  critical 
layers,  and  its  solutions  are  analyzed  (numerically  and  analytically)  with  differ¬ 
ent  relationships  between  problem  parameters.  It  is  shown  that  the  nonlinearity 
can  play  both  a  stabilizing  and  destabilizing  role  depending  on  the  magnitude 
of  the  initial  magnetic  field  and  on  the  degree  of  supercriticality  of  the  wave. 
The  structure  of  the  perturbed  magnetic  and  velocity  fields  is  also  investigated. 


EVIDENCE  OF  NON-LINEAR  INTERNAL  WAVE  PACKET  INTERACTIONS 
AT  A  SHELF  EDGE 

S  Small  (Defence  and  Evaluation  Research  Agency  (DERA),  Winfnth,  Dorset  DT2 
8XJ,  UK).  E-mail:  ajbristow@taz.dera.gov.uk 

Remotely  sensed  and  In-situ  observations  of  internal  waves  were  made  at  the  Malin 
shelf  edge  during  SESAME  (Shelf  Edge  Studies  Acoustic  Measurement  Experiment), 
in  conjunction  with  SES,  in  August-September  1996.  SAR  imagery  indicates  the 
existence  of  a  number  of  individual  wave  packets  propagating  upslope  and  on-shelf. 
These  originate  from  both  local  (shelf  edge)  and  distant  sources.  Interactions  occur 
between  die  wave  packets,  sometimes  resulting  in  the  type  of  resonance  predicted  by 
T  Maxworthy  (J  Fluid  Mech,  96,  1,  47-64,  1980).  Maxworthy  showed  that  this 
resonance  only  occurred  when  the  angle  between  the  packets  exce^ed  a  critical  angle. 
This  angle  is  calculated  for  the  SESAME  region,  and  used  to  interpret  the  data.  In-situ 
data  also  shows  multiple  packets,  each  recurring  on  tidal  cycles.  Possible  in-situ 
evidence  of  resonant  internal  waves  is  displayed  from  thermistor  chain  data. 
Techniques  of  modelling  the  non-linear  interactions  are  discussed.  It  is  suggested  that 
these  three-dimensional  processes  are  important  for  internal  wave  modelling. 


NUMERICAL  INVESTIGATION  ON  THE  NONLINEAR  STABIL- 
ITY  AND  INSTABILITY  OF  QUASIGEOSTROPHIC  MOTIONS 
Z.L.Sun,  Mu  Mu  &  Z.  Z.  Ji 

Institute  of  Atmospheric  Physics,  Chinese  Academy  of  Sciences,  Beijing  100029, 
China. 

nuauOsun.ihep.ac.ctt/Fax:  [86]  10-62028604 

Nonlinear  stability  and  instability  of  quasigeostrophic  barotropic  motions  are 
investigated  numerically,  based  on  the  theoretical  results  of  Amord’s  nonlin¬ 
ear  stability  criteria.  The  domain  under  consideration  is  a  zonal  periodical 
channel  (0,  X)  x  (0,  Y)  on  a  beta  plane,  and  the  basic  flow  of  the  stream  func¬ 
tion  is  'i'  =  A{co8ky  ^  ainky).  The  initial  disturbance  stream  functions  are 
^  =  B{co82mirx/X  -H  8in2nirx/X)8inliry/Y,  where  m,  n  and  I  are  any  inte- 

SerS; 

By  integrating  the  governing  model,  the  behaviors  of  the  initial  disturbances 
to  the  stable  or  unstable  basic  flows  are  investigated.  The  main  results  are  as 
follows:  1.  For  a  basic  flow  which  satisfies  the  Arnol’d’s  stability  criteria,  no 
matter  what  kind  of  initial  disturbances  are  superposed  on  it,  the  disturbance 
energy  and  disturbance  potential  vorticity  are  conserved  in  time.  Besides,  the 
behavior  of  the  disturbance  field  is  characterized  by  a  traveling  fields  in  the 
zonal  direction,  without  deformation  and  "blow  up”.  2.  For  a  certiun  distur¬ 
bance  field  superposed  on  a  basic  flow  destroying  the  Arnol'd’s  stability  criteria 
(and  might  be  nonlinearly  unstable),  not  only  the  disturbance  field  deform  and 
blow  up  apparently,  but  also  the  disturbance  energy  and  disturbance  potential 
vorticity  increase  rapidly  in  time,  and  saturate  after  a  period  of  time. 


FORCING  OF  SOLITARY  WAVES  BY  THE  DEFORMATIONAL 
LONG- WAVE  INSTABILITY 
E.  Tikhomolov 

Institute  of  Solar-Terrestrial  Physics,  664033  Irkutsk,  P.O.Box  4026,  Russia. 
a.tikhCiszf .  irk.ru 

The  one-dimensional  version  of  the  equation  governing  the  flows  in  a  rotating 
fluid  layer  heated  from  below  with  a  deformable  upper  stress-free  surface  is 
numerically  studied.  As  was  shown  in  our  previous  paper  nonlinearity  in  beta- 
term  gives  the  finite-amplitude,  periodic  in  spatial  coordinate  solutions.  This 
nonlinearity  is  not  sufficient  for  realization  of  solitary-waves.  Here  we  account 
for  the  next  terms  in  the  expansion  of  negative  diifusion  coefficient  in  the 
deformation  of  the  upper  stress-free  surface.  In  this  case  in  k>me  ranges  of 
parameters  solitary-wave  solutions  can  exist. 

The  establishment  of  solitary-wave  solutions  is  due  to  appearance  of  strong 
inelasticity  during  encounters  of  separate  pulses.  So  we  reproduce  in  our  one¬ 
dimensional  simulations  the  effect  which  takes  place  in  two-dimensional  case: 
catching  by  the  strong  vortex  of  the  weak  ones. 


LABORATORY  OBSERVATIONS  OF  WAVE  GROUP  EVOLU¬ 
TION,  INCLUDING  BREAKING  EFFECTS 
M.  P.  Tilin  (1)  and  T.  Waseda  (1,2) 

(1)  Ocean  Engineering  Laboratory,  UCSB,  CA93106,  (2)  International  Pacific 
Research  Center,  SOEST,  UH,  HI96822. 
twasedaOakula .  soest  .havali  .edu/Fax:  [808]956-9425 

The  non-linear  evolution  of  deep  water  wave  groups,  which  are  initiated  by  un¬ 
stable  three-wave  systems,  have  been  observed  in  a  large  wave  tank  (50  m  long, 
4.2  m  wide,  2.1  m  deep),  for  waves  1.0  -  4.0  m  long,  initial  steepness  e  =  0.10  - 
0.28,  and  normalized  sideband  frequency  differences,  da;/eu;,  0.2  - 1.4.  Minimiz¬ 
ing  the  effect  of  background  disturbances  on  the  evolution,  new  observations 
were  made  which  extends  the  pioneering  work  of  Lake  et  al.  and  of  Melville. 
Foremost,  near  recurrence  without  downshifting  was  observed  without  break¬ 
ing,  despite  a  significant  but  reversible  energy  transfer  to  the  lower  sideband 
at  peak  modulation;  complete  recurrence  was  prevented  by  the  spreading  of 
dismtized  energy  to  higher  frequencies.  Strong  breaking  was  found  to  increase 
the  transfer  of  energy  from  the  Ugber  to  the  lower  sideband  and  to  render  that 
transfer  irreversible.  The  endstate  of  the  evolution  following  strong  breaking  is 
an  effective  downshifting  of  the  spectral  energy,  where  the  lower  and  the  car¬ 
rier  wave  amplitudes  nearly  coincide.  An  explanation  of  the  sideband  behavior 
was  given  based  on  wave  energy  and  momentum  considerations,  including  the 
separate  effects  of  energy  and  momentum  loss  due  to  breaking,  and  transfer  to 
discretized  higher  frequencies,  which  was  almost  universally  observed. 


MODULATION  OF  SHORT  SURFACE  WAVES  RIDING  ON  A 
SWELL  WAVE  UNDER  THE  TURBULENT  WIND.  QUASI-LINEAR 
MODEL  OF  THE  GROWTH  RATE  MODULATION 

Yu.I.Troitskaya 

(Institute  of  Applied  Physics  RAS,  Nizhny  Novgorod,  Russia) 

The  model  of  modulation  of  short  waves  riding  on  a  swell  wave  is  developed 
explaining  the  main  properties  of  the  hydrodynamic  modulation  transfer  func¬ 
tion  (MTF).  They  are  as  follows:  1)  the  magnitude  is  equal  to  5-15  increasing 
with  the  long  wave  period  and  decreasing  with  the  wind  speed;  2)  the  phase 
varies  considerably  but  is  frequently  near  zero. 

The  model  is  based  on  considering  of  modulation  of  the  short  wave  growth  rate 
caused  by  variation  of  conditions  of  the  wave  generation  by  wind  along  the 
phase  of  the  long  wave.  When  calculating  the  growth  rate  and  its  modulation, 
the  nonlinear  effects  of  the  wind-wave  interaction  is  taken  into  account.  The 
main  effect  is  deformation  of  the  mean  velocity  profile,  which  can  be  reduced 
to  increasing  of  the  roughness  heigth.  In  the  presence  of  the  swell  wave  the 
rougtness  height  is  modulated.  This  effect  is  calculated  within  the  quasl-linear 
theory  based  on  the  assumption  of  random  phases  of  the  wind  waves.  The 
effect  of  the  wave  disturbances  of  turbulent  stresses  is  described  within  the 
eddy  viscosity  model.  The  etmplitude  and  phase  of  the  hydrodynamic  MTF 
are  calculated  within  the  relaxation  model.  The  results  of  the  MTF  magnitude 
and  phase  calculations  are  in  agreement  with  the  available  experimental  data. 
This  work  was  supported  by  the  grants  INTAS-96-1665  and  RFBR  (project 
code  96-05-65128). 
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THE  EFFECT  OF  NON-UNIFORMITY  OF  A  WAVE  TRAIN  ON 
THE  MECHANISM  OF  BENJAMIN-FEIR  INSTABILITY 

C.  A.  van  Duin,  Royal  Netherlands  Meteorological  Institute, 

3730  AE  De  Bilt,  The  Netherlands. 

We  consider  a  weakly  nonlinear,  non-uniform  Stokes  wave  train  of 
finite  amplitude  on  deep  water.  The  non-uniformity,  characterized  by 
slowly  varying  amplitude,  wavenumber  and  frequency,  modifies  the 
stability  properties  of  the  wave  in  comparison  with  the  uniform  case. 
Based  on  analytical  methods,  it  is  shown  that  such  a  wave  becomes 
stable  under  certain  conditions.  One  of  these  is  a  sufficient  degree  of 
non-uniformity.  This  differs  essentially  from  the  case  of  a  uniform 
Stokes  wave,  which  proves  to  be  definitely  unstable  (Benjamin  &  Feir). 
The  present  results  are  based  on  the  usual  linear  stability  analysis. 
However,  these  are  not  modified  by  the  incorporation  of  weakly  non¬ 
linear,  periodic  wave  perturbations.  Furthermore,  the  analysis  (valid 
for  this  specific  example)  is  readily  applied  to  a  greater  variety  of  non- 
uniform,  dispersive  waves. 


EXPERIMENTAL  STUDY  OF  THE  STABILITY  OF  DEEP  WA¬ 
TER  WAVE  TRAINS  INCLUDING  WIND  EFFECTS 

T.  Waseda  (1,2)  and  M.  P.  Tulin  (1) 

(1)  Ocean  Engineering  Laboratory,  UCSB,  CA9310€,  (2)  International  Pacific 
Research  Center,  SOEST,  UH,  HI96822. 
tvasedaCakule .  soeat  .havail .  adu/Fax:  [808]95fi*9425 
An  experimental  investigation  on  the  Benjainin-Feir  instabiUty  of  non-linear 
deep  water  wave  trains  including  wind  effect  is  reported.  The  experiment  was 
conducted  at  the  OEL  wind- wave  tank  (50  m  long,  4.2  m  wide,  2  m  deep  and 
1.5  m  JUT  passage  height)  with  a  fully  computer  controlled  mechanical  wave- 
generator  exploring  the  parameter  space;  steepnesses  (ak=0.133,  0.175,  0.20, 
0.24);  rideband  frequencies  (df/f/ak=0.34~l.l);  wind  speeds  (l.tlS.l  ms"*). 
The  initial  growth  rate  was  estimated  for  1.5  m  wave  from  spectral  measure¬ 
ment  at  11  stations  spread  along  the  tank  (1.8-41.4  m).  Both  “seeded”  experi¬ 
ment  where  the  wavetrain  was  initially  modulated  and  “un-seeded”  experiment 
where  the  wavetrain  was  initially  un-modulated,  were  conducted.  The  “seeded” 
experimental  result  showed  a  smaller  wind  effect  in  the  growth  rate  as  reported 
earlier  by  Bliven  et  al.  The  “un-seeded”  experimental  result  revealed  that  the 
natural  selection  of  the  sideband  strongly  depends  on  the  wind  speed,  but  the 
resulting  growth  rate  was  still  well  predicted  by  the  inviscid  theory  based  on 
Krasitskii.  Rrom  both  Bliven  et  al.’s  and  our  result,  we  conclude  that  the  main 
effect  of  the  wind  in  the  instability  comes  from  the  selection  of  the  sidebamd, 
rather  than  the  modification  of  the  inviscid  growth  due  to  viscous  effect  alone. 


MASS  TRANSPORT  INDUCED  BY  A  SLOWLY  MOVING  CORRUGATED 
PLATE  IN  A  VISCOUS  ROTATING  FLUID 


J.E.  Weber  and  J.  Debemaid,  Department  of  Geophysics,  University  of  Oslo,  P.O. 
Box  1022,  Blindem,  0315  Oslo,  Norway 
j.e.weber@geo^sikk.uio.no/Fax:47-22855269 


The  mean  mass  transport  induced  by  a  moving  large  plate  with  corrugated  bottom 
on  top  of  a  viscous  rotating  fluid  is  investigated  theoretically  using  a  Lagrangian 
description  of  motion.  The  bottom  corrogations  are  sinusoidal  with  infinitely  long 
crests  and  small  amplitudes.  The  plate  velocity  is  slow  enough  for  a  suitably  defined 
fluid  Reynolds  munber  R  to  be  small.  The  solutions  are  written  as  a  two-parameter 
series  expansion  in  R  and  the  nondimensional  amplitude  e.  The  solutions  to  0(i?*e*) 
yield  the  interaction  between  the  basic  shear  flow  (an  Ekman  current,  or  a  Couette 
flow  in  the  nonrotating  case)  and  the  nonlinear  displacement  field  due  to  the 
comigations.  The  steady  mean  solution  to  this  order  is  obtained,  and  the  results 
show  that  the  analytical  method  tqtplied  by  Wang  (1978,  1988)  has  severe  shoitc- 
ommings  in  predicting  the  velocity  field.  The  deflection  angle  a  between  the  sur&ce 
stress  that  drives  the  plate  and  the  drift  direction  is  comptned  to  the  corresponding 
deflection  angle  Oo  for  a  fiat  plate.  It  is  found  that  a>oib  for  nondimensional 
corrugation  wave  numbcis  larger  than  2.25,  with  a  deflection  angle  that  becomes 
larger  the  more  the  drift  is  aligned  along  the  striations.  For  smaller  wave  numbers, 
a<e^  ,  with  a  mininuim  value  when  the  motion  of  the  plate  is  deflected  about  23° 
off  the  cross-striation  direction. 


NP4  Nonlinear  waves,  coherent  structures  and  natural 
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A  Nonlinear  dispersive  wave  model  for  Tsunami  propagation 
C.  Coiela  (1)  and  L.  A  Mendes  Victor(l) 

(1)  ICTE,  Instituto  de  CiSncias  da  Terra  e  do  Espa;o,  Rua  da  Escola  Politdcnica  58, 
1200  Lis^  Portugal 

ccoiela@corteio.fc.ul.pt/fax:351-l-3953327 

The  description  of  the  Tsunami  run-up  is  of  greatest  importance  for  Tsunami 
zonation  and  evaluation  of  Tsunami  hazard.  The  difficulties  arising  here  are 
evident:  the  complexity  of  coastal  zone  morphology  and  the  variety  of  underlying 
surfoces  changing  due  to  their  interaction  with  the  water  flows  caused 
Tsunamis,the  possibility  of  waves  breaking  and  competition  of  nonlinear  and 
dispersion  effects.  In  order  to  work  out  the  problem  this  paper  r^rts  a  numerical 
simulation  of  Tsunami  propagation  with  two  main  conponents.  The  first 
component  concern  with  Tsunami  propagation  using  the  Korteweg  and  de  Vries 
equation  to  Obtain  the  travel  time  and  maximum  anplitude  of  the  waves  in 
deep  water.  In  the  second  component  we  consider  the  qiproach  of  the  waves  to  the 
shallow  water,  near  the  coast,  using  a  Nonliriear  water  wave  theory  on  a  sitping 
beach. 
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MECHANISMS  OF  MEAN  HELICTTY  GENERATION  AND  ITS  ROLE  IN 
CRISIS  ATMOSPHERIC  SITUATIONS 

O.G.  Chkhetiani  (1),  E.  Golbraikh  (2)  and  S.S.  Moiseev  (1) 

(1)  Space  Research  Institute,  Moscow,  (2)  Center  for  MHD  Studies,  Beer-Sheva 
moiseev@mx.iki.rssi.ru/Fax;  +7-095-310-70-23 

We  have  considered  mechanisms  of  mean  helicity  generation  in  rotating  systems  or  in 
the  presence  of  an  external  magnetic  field.  It  is  shown  that  at  non-zero  helicity  density 
(even  if  the  initial  mean  helicity  is  zero),  mean  helicity  is  generated  in  the  presence  of 
rotation  or  a  uniform  magnetic  field.  The  effect  may  be  essentially  enhanced  by  the 
presence  of  mean  velocity  shear  or  stratification  in  the  system.  On  the  basis  of  the 
theory  of  helical  cascade,  helical  predictors  of  typhoon  generation  in  equatorial 
latitudes  are  discussed. 


ESTIMATION  OF  HELICITY  PARAMETERS  IN  WIND  SPECTRA  AND  IN 
LABORATORY  EXPERIMENTS 

A.  Eidelman  and  H.  Branover 
Ben-Gurion  University,  Beer-Sheva 
eidel@bgutnail.bgu.ac.it/Fax;  +972-7-6280-467 

The  analysis  of  wind  spectra  shows  that  there  exist  several  adjacent  ranges  of  spectral 
slopes  -S/3  and  -7/3.  It  u  well-known  that  such  spectral  slopes  are  determined, 
respectively,  by  the  energy  and  helicity  transfer  rates.  When  simulating  atmospheric 
turbulence  in  the  laboratory  magnetohydrodynamic  experiments,  we  have  also 
obtained  helical  turbulence  spectra  with  such  slopes.  In  the  latter  case,  two  adjacent 
ranges  are  also  observed.  Such  a  multiplicity  of  wind  spectra  ranges  points  to  the 
existence  of  various  sources  of  both  helicity  and  energy  generation  in  the  atmosphere 
operating  over  different  scales.  On  the  contrary,  a  laboratory  spectrum  is  generated 
under  simpler  conditions  under  the  action  of  a  single  source. 

Estimations  of  helicity  parameters  determined  in  different  spectral  ranges  are  close  to 
the  estimaHons  of  such  helici^  sources  as  the  Earth's  rotation  and  thermals  for  the 
troposphere  and  atmospheric  boundary  layer.  The  analysis  performed  makes  it 
possible  to  identify  factors  determining  wind  field  generation. 


ON  CELLS  MERGING  RESULTING  TO  A  LARGE  EDDY  FORMING 
N.S.Erokhin,  S.S.Moiseev  and  E.A.Sharkov 

Space  Research  Institute  of  RAS,  Pro^uznaya  Str.84/32, 1 17810  Moscow,  Russia 
nerokhin@mx.iki.rssi.ni/Fax:  (7>-09S-3 10-7023 

It  is  known  that  a  tropical  depression  deepening  can  results  to  a  typhoon  forming.  Due 
to  the  helical  mechanism  of  a  typhoon  creation  this  process  looks  like  the  following. 
A  large  vortice  is  developing  through  small-scale  cells  merging  providing  the  fluxes 
both  die  energy  and  the  helicity  to  l^e  scales.  In  the  paper  some  experimental  data  a 
tropical  depression  deepening  and  the  atmospheric  tuAulence  modification  are  given 
and  a  theoretical  model  corresponding  to  them  is  described.  The  simplest  model 
showing  cells  merging  during  large-scale  perturbation  growing  and  directed  to 
visualise  this  process  in  terms  of  a  streamline  functions  is  demonstrated.  It  allows  to 
study  the  temporal  dynamics  of  streamlines  joining  on  the  plane  projection  during  the 
large-scale  motion  generation. 


SCIENTinC  PROBLEMS  OF  THE  SPACE  PROJECT  "PRECURSOR" 

N.S.Erokhin  (1),  S.S.Moiseev  (1),  V.MJ’ankov  (I),  N.K.Smimov  (1),  A.I.Zabyshnyi 
(1),  A.M.Volkov  (2)  and  Yu.B.Khapin  (2) 

(1)  Space  Research  Institute  of  RAS,  Moscow;  (2)  Scientific  Center  for  Studying  of 
Natural  Resources  of  RusHydroMet,  Dolgoprudny,  Russia  nerokhin@mx.iki.rssi.ru 

The  main  scientific  tasks  of  the  project  "Precursor”  suggested  to  perform  in  the  flame 
of  russian  segment  of  international  space  station  "Alfa"  are  discussed.  This  project  is 
devoted  to  study  both  theoretically  and  experimentally  the  influence  of  solar-terrestrial 
relationships  on  the  atmospheric  turbulence  self-organization  by  help  to  measure  and 
to  analyse  the  hydrodynamical  and  electromagnetic  fluctuations  related  to  large-scale 
crisis  processes  like  typhoons.  The  theoretical  problems  concerning  to  project 
"Precursor"  purpose  are  formulated  and  argumented.  They  include  the  investigation  of 
external  triggers  influence  on  the  atmospheric  chaos  structure  and  self-organization 
processes,  the  models  and  estimations  of  electromagnetic  indicators  initiated  by 
large-scale  vortices,  the  studiyng  of  correlations  between  X-rays  fluxes  measured  at 
die  satellite  heights  and  typhoons,  the  modem  techniques  for  experimental  data 
processing  and  so  on.  The  brief  description  of  experimental  equipment  suggested  to 
dispose  at  the  scientific  module  of  ISS  "Alfa"  and  including  the  r^iometric  complex 
and  X-ray  spectrometer  is  done. 


INTERMITTENCY  FOR  PASSIVE  SCALAR  ADVECTION 
U.  Frisch  (1),  A.  Mazzino  (1,2)  and  M.  Vergassola  (1) 

(1)  CNRS,  ObMtvatoire  de  Nice,  B.P.  4229, 06304  Nice  Cedex  4,  France,  (2)  Di- 
partimento  di  Fisica  deirUnivereith  di  Genova,  Via  Dodecaneso  33, 16146  Gen¬ 
ova,  Italy. 
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The  Kraichnan  model  for  passive  scalar  advection  is  formulated  in  terms  of  La- 
grangian  tracer  dynamics.  The  n-points  equal-time  correlation  functions  are 
thus  associated  to  the  evolution  of  n  —  1  tracer  particle  configurations.  The 
zero-diffusivity  limit  is  shown  to  correspond  to  purely  advective  dynamics, 
supplemented  by  a  point-splitting  procedure  for  coinciding  points.  In  this  for¬ 
mulation  the  intermittency  of  the  scalar  field  arises  from  the  dependence  of  the 
particle  dynamics  on  the  geometry  defined  by  their  positions.  Such  effects  do 
appear  when  mote  than  one  particle  is  effectively  involved  in  the  dynamics,  i.e. 
starting  from  the  third-order  correlations.  The  anomalous  scaling  of  the  struc¬ 
ture  functions  is  in  particular  associated  to  the  persistence  of  spatial  structures 
and  the  slowing  down  of  particle  separation.  The  Lagrangian  formulation  is  ex¬ 
ploited  numerically  by  Monte-Carlo  simulations  of  particle  trajectories  in  the 
stochastic  velocity  field. 


UNCHARGED  PARTICLE  ACCELERATION  AND  CRITICAL  IONIZATION 
FLOW  BY  ELECTRIC  RECONNECnON  AND  THEIR  APPLICATIONS 

Hiroshi  Kikuchi  (Nihon  Umversity,  College  of  Science  and  Technology.  8,  Kanda 
Suiugadai,  l-chome,  Cluyods-ku,  Tokyo  101,  Japan) 

A  point-like  uncharged  particle  in  motion  is  usually  not  aflkcted  by  decnic  forces  but 
oidy  by  gravitational  fiiroes,  since  it  U  so  tiny  that  the  so-called  ‘test-particle  approach’ 
is  feasible.  The  situation  is  drastically  changed,  however,  when  a  dust  particle  is  invad¬ 
ing  an  electric  cusp.  Then  tome  of  adjacent  electric  field  lines  in  the  opposite  direction 
tend  to  merge  toward  the  particle;  indudng  or  pohiizing  tiny  quadiupx>le-like  charges 
and  producing  large  local  dectiic  fields  on  its  sur&oe,  t^s  electric  fbroes  beiog  exert¬ 
ed  on  the  graia  Now  subsequent  processes  are  divided  into  two  cases,  depending  on 
whether  the  local  electric  fields  on  the  grain  sur&ce  are  below  or  beyond  the  break¬ 
down  threshold  of  the  background  gas  (or  vacuum).  For  the  foiiner  case,  some  of  the 
electrostatic  energy  tend  to  be  converted  mto  the  kinetic  energy  of  the  dust  particle, 
leading  to  Hs  rsqiid  acceleratioD.  For  the  other  case,  local  surflKe  discharge  may  take 
place  due  to  sufficiently  high  local  dectric  fields,  flHming  a  plasma  layer  around  the 
dust  or  object  and  produdng  critical  ionizatiott  flow  in  the  form  of  streamer  and  leader 
followed  by  eventual  main  dischaige,  thus  some  of  the  electrostatic  energy  being  con¬ 
verted  imo  ionization  and  flow  energy.  Applications  to  some  natural  hazards  are  given, 
including  dust-aerosol  absorption  by  thunderclouds  and/or  ionosphere,  pre-earthquake 
kmospberic  effects  such  as  emanation  of  dust-aerosol  particles  under  the  piezoetoctric 
field  in  the  oust,  a  variety  of  electromagnetic  and  plasma  anomaly  in  the  atmosphere 
and  ionosphere  [Pulinets  et  al..l994].  Chondrule  production  in  meteorites  and  so  on. 
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Vortical  Structures  in  Stratified  Turbulent  Flows 

J.M.  Redondo,  M.A.  Sanchez,  i.R.  Cantalapiedra  fc  R.  Castilla 
Dept.  Fisica  ApUcada,  Univ.  Politecnica  de  Catalunya, 
Campus  Nord  B5,  Barcelona  08034,  Spun 


The  vertical  and  horizontal  structure  of  stratified  turbulent  flows  is  in¬ 
vestigated  in  e  series  of  experiments  where  oscillating  grid  and  jets  or  air 
bubbles  are  used  to  stir  a  initially  sharp  density  interface  separating  two 
homogeneous  layers. 

The  collapsing  turbulent  patches  show  a  characteristic  shape  of  verti¬ 
cally  conected  disks.  If  the  local  Richardson  number  at  the  interface  is 
high,  then  horizontal  vorticity  is  converted  into  vertical  vorticity,  leading  to 
a  distribution  of  plane  vortices.  If  the  initial  density  structure  shows  several 
layers,  the  disk  shaped  vortices  interact  with  each  other  via  two  main  mech¬ 
anisms,  by  means  of  the  local  shear  produced  by  the  collapsing  patches  or 
by  means  of  the  internal  wave  field. 

Several  experimental  techniques,  such  as  LIF,  shadowgraphs  and  Par¬ 
ticle  tracking  are  used  to  characterize  the  vertical  size  and  the  horizontal 
structure  of  the  mixing  patches.  The  vortical  mixing  patches  produce  a 
trapping  effect  on  pollutants  or  biological  activity  in  the  Ocean  ,  measure¬ 
ments  of  the  eddy  diffusivity  show  a  marked  dependence  on  the  trapping 
by  these  pancake  shaped  coherent  structures. 


MULTIFRACTAL  STRUCTURE  OF  THE  AIR 
TRANSMITTENCY  SMALL  SCALE  FLUCTUATIONS 


M.  Serio.  L.  Bergamasco,  M.  Onorato,  A.R.  Osborne 
Dipartiniento  di  Fisica  Generale  dell'Universith  di  Torino 
Via  P.  Giuria,  1- 10125  Torino,  Italy 
e-mail:  Serio@ph.unito.it 


VORTICITY  GENESIS  IN  THE  MOIST  ATMOSPHERE 

M.VJCurgansky  (1)  .  .  • 

(1)  Russian  Academy  of  Sciences,  Obukhov  Institute  of  Atmosphenc  Physics, 
Moscow 

Modification  of  tuibulent  dynamo  model  is  constnicted  which  takes  into  account  the 
inverse  damping  action  of  generated  large-scale  vorticity  on  small-scale  helical 
turbulence.  The  model  describes  a  quasi-stationary  regime  with  parameters  being 
determined  independently  from  energy  balance  considerations  under  assumption  that 
small-scale  hirbulence  has  the  moist-convective  origin.  Intercomparison  of  both  fluid 
dynamical  and  thermodynamical  approaches  enables  to  estimate  helical  tutbulence 
parameters  that  provide  the  given  dynamo-effect  As  an  illustration,  a  case  of  initial 
tomado-like  vortex  formation,  which  takes  place  in  the  foot  of  a  rotating  storm,  is 
considered. 


GENERATION  OF  STRUCTURES  IN  GEOPHYSICAL  AND  GEO-LIKE 
MEDIA  WITHOUT  A  SYMMETRY  CENTER 

S.S.  Moiseev 

Space  Research  Institute,  Moscow 
moiseev@mx.iki.issi.rii/Fax:  +7-095-3 10-70-23 

Rotation,  inhomogeneity,  helical  motions  of  various  scales,  a  large  amount  of 
biological  mass  (so  called  biotes)  and  organic  compounds  result  in  that  die 
geophysical  medium  should  be  modeled  as  a  system  without  a  symmetry  center.  Such 
a  system  is  characterized  hy  a  tendency  to  structurization  in  various  scales,  and  the 
present  paper  deals  with  the  study  of  some  of  its  properties. 

We  analyze  electric  currents,  mass  and  heat  flows  arising  under  exposure  to  light  and 
fiirdier  generation  of  magnetic,  electrical  and  hydrodynamic  structures.  By  way  of 
example,  we  consider  such  phenomena  as  a  result  of  solar-terrestnal  bonds. 

We  examine  the  effect  of  chiral  electrodynamic  fields  bn  die  processes  of  self- 
organization  in  hydrodynamic  media.  Different  reasons  of  the  phenomenon  of 
chirality  in  continuous  media  are  compared,  and  a  competing  role  of  electromagnetic 
and  hydrodynamic  chirality  is  discussed. 

On  die  basis  of  the  photogalvanic  effrot,  taking  into  account  die  helicity  of  vector 
fields  and  other  related  chiral  properties,  we  analyze  diagnostic  signs  of  the 
generation  of  large-scale  geophysical  processes. 


The  fluctuations  of  air  traninittency  over  small  time  scales  (20-500  s), 
in  presence  and  absence  of  fog,  axe  analysed  from  different  points  of 
view:  Fourier  and  wavelet  transform,  multiscaling  exponents, 
multifractal  spectrum,  structure  function.  All  results  indicate  a 
multifractal  structure  associated  with  intermittency  and  whose 
characteristics  do  not  seem  to  change  with  the  level  of  visibility:  the 
origin  of  this  multifractality,  whether  statistical  or  dynamical,  cannot 
however  be  established  with  certainty. 


DETERMINISTIC  DESCRIPTION  OF  A  PHASE  TRANSITION  IN  A 
MEDIUM,  OF  INTERACTING  WAVES 

J.  Vassalo  Pereira  (D 

(1)  Faculdade  de  CiUncias  da  Universidade  de  Lisboa 

We  start  by  describing  the  stability  behaviour  of  an  ensemble  of  identical  resonators 
generating  stationary  interacting  waves  taking  two  precise  (non  dispeisive)  values  for 
dieir  phases.  Such  study  offers  a  useful  introduction  to  die  understanding  of  the 
general  case  in  which  the  phases  may  take  any  values.  It  is  obvious  that  by  means  of 
a  feed-back  effect,  the  interaction  among  the  waves  ("via"  their  resonators)  will 
modify  the  distribution  of  the  phases  in  the  course  of  time,  and  the  determination  of 
die  equations  providing  that  evolution  is  the  main  result  of  the  present  paper.  The 
essential  tool  in  this  work  is  a  generalisation  of  a  theorem  due  to  Rayleigh  for  the 
equation  governing  the  probability  distribution  of  the  amplitude  and  phase  of  a 
superposition  of  a  great  number  of  identical  waves  with  "a  priori"  equal  (random) 
phases  (It  is  the  heat  equation).  The  corresponding  result  for  any  (non  random) 
distribution  of  the  phases,  given  in  this  paper,  leads  to  a  bifurcation  and  a  two-fold 
solution,  employed  throuhgout  this  paper.  The  final  results  give  for  the  time  evolution 
of  the  phase  distribution  of  the  interacting  waves  a  non  linear  equation  with  two 
different  possible  structures,  one  of  them  describing  a  phenomenon  of  a  much  higher 
intensity  (a  phase  transition  or  a  catastrophe),  the  transition  between  them  taking  place 
for  a  certain  precise  condition  for  the  initial  values. 


TOWARDS  EARLY  WARNING:  ARE  SELF-ORGANISED  CRIT¬ 
ICAL  SYSTEMS  PREDICTABLE? 

Leonard  A.  Smith 

Mathematical  Institute,  Oxford  University,  0X1  3LB,  U.K.. 
lennyOaiaths.oi.ac.uk/Fax:  [44]  1865  270  515 

It  is  sometimes  stated  that  self-organised  critical  phenomena  are  much  mote 
“unpredictable”  than,  for  instance,  chaotic  phenomena.  This  coryecture  b  in¬ 
vestigated  within  the  framework  of  multi-model  ensemble  forecasting.  Both 
deterministic  and  stochastic  models  are  considered.  The  aim  is  to  provide  reli¬ 
able  probabilistic  information  of  the  likelihood  of  extreme  events  over  a  given 
period,  even  in  the  case  that  the  model  dynamics  are  deterministic.  The  rnost 
promising  approach  appears  to  be  melding  of  models  which  consider  a  variety 
of  time  scales,  each  of  which  may  have  a  different  model  structure. 


CU33 


NP4  Nonlinear  waves,  coherent  structures  and  natural 
hazards 

03  Shallow  water  experiments  as  models  of 
geophysical  and  astrophysical  flows 

Convener:  Sommeria,  J. 

Co-Convener:  Nezlin,  M.V. 


Sponsorship:  INTAS 


SPOTTED  DISKS 
A.  Bracco,  A.  Provenzale 
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E.  A.  Spiegel 
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We  study  the  formation  of  coherent  vortices  on 
barotropic  incompressible  Keplerian  disk,  in  both  the 
pure  hydrodynamic  and  the  MHD  cases.  We  show  that 
strong  anticyclonic  vortices  can  form  on  Keplerian 
disks.  This  fact  may  have  interesting  consequences 
on  the  process  of  planet  formation  in  the  early 
solar  nebula. 


A  LABORATORY  STUDY  ON  THE  STRUCTURE  AND  DYNAM-  ON  THE  MECHANISM  OF  THE  ROSSBY  VORTEX  MERIDIONAL 

ICS  OF  BAROCLINIC  VORTICES  ON  A  POLAR  /3-PLANE.  DRIFT 


M.  E.  Bastin 

Dept,  of  Atmospheric  Physics,  Oxford  University. 

Results  ace  presented  from  a  set  of  experiments  performed  in  an  internally 
heated,  rotating  cylinder  of  fluid,  in  which  a  polar  /3-plane  has  been  simulated 
by  the  inclusion  of  oppositely  sloping  endwalls.  The  boundaries  are  arranged 
so  that  the  fluid  depth  (D)  can  either  increase  with  radius  (dD/dr  >  0)  or 
decrease  with  radius  {dD/dr  <  0).  Stable  eddy  features  are  observed  over  a 
wide  range  of  rotation  rates  (0)  in  both  endwall  arrangements.  The  regular 
wave  regime  of  the  dD/dr  >  0  endwall  experiments  consists  of  modes  with 
azimuthal  wavenumbers  m  =  1  to  S.  Only  the  mode  m  =  1  is  seen  in  the  regular 
wave  regime  of  the  dD/dr  <  0  endwall  experiments.  The  regular  eddies  seen  in 
the  dD/dr  >  0  (dD/dr  <  0)  endwall  experiments  are  found  to  be  ‘vertically 
trapped’  close  to  the  bottom  (top)  boundary,  and  are  seen  to  reduce  their  radial 
scale  as  the  magnitude  of  the  simulated  increases.  At  high  0  the  eddy 

kinetic  energy  appears  to  be  trapped  close  to  the  Rhines  scale  Lg  =  iiyJ2U/0 
in  the  dD/^  >  0  end  wall  experiments,  although  there  is  little  evidence  for  an 
inertial  range  characterising  the  inverse  energy  cascade  required  by  the  Rhines 
argument.  In  the  dD/dr  <  0  endwall  experiments,  however,  there  is  evidence  for 
an  inverse  energy  cascade  (with  a  slope  of  approximately  k~1)  to  the  smsdlest 
wavenumbers  that  is  not  blocked  by  the  simulated  /3-effect.  Such  a  result  is 
consistent  with  the  observation  that  even  at  the  highest  f)  the  flow  retains  a 
large  m  =  1  component  in  the  dD/dr  >  0  endwall  experiments. 
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The  following  mechanism  lor  the  Rossby  vortex  meridional  drift 
Under  the  action  ol  dispersion  and  the 
KdV  nonlinearity,  the  Rossby  vortex  drifting  along  the  system 
parallel  (•■e..  azimuthally)  sutlers  the  azimuthal  deformation, 
and  the  maximum  ot  its  elevation  or  depression  on  the  shallow 
water  free  surface  is  shifted  in  the  azimuthal  direction.  2. 
According  to  the  Ertel  theorem,  the  azimuthal  vorticity  gradient 
arises  in  the  vortex.  3.  That  gradient,  in  principle,  acts  in  the 
same  gyroscopic  manner  by  which  the  meridional  vorticity 
gradient  produced  by  the  meridional  gradient  in  the  shallow 
water  depth  (or  in  the  Coriolis  parameter)  causes  the  azimuthal 
IRossby  vortex  drift  (and  produces  the  Rossby  waves). 
Analogously,  the  azimuthal  vorticity  gradient  causes  the 
meridional  Rossby  vortex  drift.  4.  Dispersion  and  the  KdV 
nonlinearity  cause  the  meridional  vortex  drift  either  in  the  same 
direction  (in  case  of  a  cyclone  drifting  westwards  and 
anticyclone  drifting  eastwards)  or  in  the  opposite  directions  (in 
case  of  an  anticycfone  drifting  westwards  or  a  cyclone  drifting 
eastwards).  In  the  second  case,  at  definite  conditions,  mutual 
coiMensation  of  dispersive  and  nonlinear  ellects  may  occure.  It 
leads  to  formation  of  the  Rossby  soliton  propagating  exactiv 
along  the  system  parallel.  5.  Which  effect  dominAes  in  genera) 
case,  depends  on  the  vortex  amplitude  and  size,  as  well  as  on  the 
geometry.  The  concept  mentioned  is  in  a  good  agreement 
with  the  experiment  (see  M.Nezlin  at  al,  this  Session)  and  the 
natural  observations. 


LARGE-SCALE  VORTICES:  STABILITY  AND 
DEPARTURE  FROM  GEOSTROPHY 

M.  Ben  Jelloul  and  A.  Stegner 

LMD,  Ecole  Normale  Supdrieure,  24,  Rue  Lhomond,  75005  Paris, 
France. 
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Numerous  isolated  vortices  observed  in  nature,  especialiy  in  the  oceans, 
have  characteristic  length  scale  larger  than  the  deformation  radius  and 
finite  Rossby  number.  We  present  her  a  study  on  the  stability  of 
analogous  large-scale  vortices  in  a  rotating  shallow-water  experiment 
[1].  The  paraboloidal  geometry  used  allows  an  adequate  modeling  of 
the  f-plane  case.  A  data  acquisition  technique  using  light  absorption 
ensure  precise  measurements  of  the  free  surface  elevation.  In  luldition  a 
PIV  technique  gives  an  independent  measurement  of  the  velocity  field. 
The  influence  of  the  velocity  profile,  the  size  and  the  ageostrohic  effects 
on  the  stable  or  unstable  evolution  of  initially  isolated  vortices  will  be 
confronted  to  numerical  investigations  and  theoretical  predictions. 
References 
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Interaction  of  zonal  flow  with  topography.  Lab¬ 
oratory  and  numerical  simulations 
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Russia 
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Laboratory  and  numerical  simulations  of  the  interaction  between  a  zonal 
flow  and  topography  have  been  performed.  The  zonal  flow  was  created 
by  the  source  and  sink  method  in  a  rotating  annulus  with  a  sloping 
bottom.  The  meridional  structure  of  the  flow  was  kept  by  a  special  dis¬ 
tribution  of  sinks  near  the  internal  side  wall  of  the  annulus.  'The  topog¬ 
raphy  was  taken  in  the  form  of  one  or  two  mountains  passing  across  the 
channel.  Four  main  vortex  regimes  were  observed;  (1)  steady  motion, 

(2)  oscillatory  motion,  (3)  the  intermittent  regime  with  quasi-periodic 
vortex  breakdown,  (4)  the  intermittent  regime  with  incomplete  vortex 
breakdown.  The  most  fascinating  is  regime  3.  In  this  regime,  one  ob¬ 
serves  periodic  formation  of  vortex  system  downstream  the  mountain, 
and  its  growth  followed  by  breakdown.  The  zonal  flow  changes  notice¬ 
ably  at  the  stage  of  mature  vortices.  Immediately  after  the  breakdown  a 
chaotic  pattern  of  smaller  vortex  fr^ments  is  formed,  whereas  the  zonal 
flow  restore  to  its  initial  profile.  This  sequence  of  events  is  repeated 
with  a  period  on  the  order  of  20-40  cycles.  Numerical  simulations  are 
performed  by  spectral  method  (the  Fourier  series  in  the  zonal  direction 
and  the  Chebyshev  polynomials  along  the  radius)  in  the  framework  of 
Q2D  approximation.  They  qualitatively  reproduce  the  observed  vortex 
dynamics. 
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IVansverse  structure  of  Q2D  geophysical  and  mag- 
netodynamical  flows 

F.V.  Dolzhanskii  (1) 

(1)  Institute  of  Atmospheric  Physics,  3  Pyzhevsky  per.,  109017  Moscow, 
Russia 

dolzhanskii®omega.ifaran  .ru 

The  detailed  comparison  of  transverse  structure  of  Q2D  geophysical 
and  MHD  shear  flows  is  carried  out  on  the  basis  of  the  classical  ap- 

§  roach  developed  by  Stewartson,  Shercliff  and  others.  The  sewing  con- 
itions  of  Ekman  layers  in  the  vicinities  of  horizontal  wall  together  with 
Prpudman-Stewartson  layers  in  vertical  neighborhood  of  the  velocity 
shear  are  formulated.  The  physical  mechanisms  responsible  for  smooth¬ 
ing  of  horizontal  velocity  shears  and  bottom  friction  laws  are  discussed. 
The  resultant  2D  vorticity  equation  with  a  Rayleigh  friction  term  is 
known  to  give  description  of  Q2D  vortex  geophysical  and  MHD  flows 
consistent  with  3D  theory  provided  that  correct  choice  of  the  bottom 
friction  coeflBcient  has  been  done.  The  coefficient  depends  on  the  phys¬ 
ical  parameters  of  system;  explicit  formulae  are  derived  to  calculate  its 
values.  The  results  deserve  attention  for  the  construction  of  laboratory 
set-Ups  and  numerical  schemes  on  simulation  of  developed  Q2D  flows 
including  constrained  Q2D  turbulence. 


ASSIMILATION  BY  PERIODIC  UPDATING  IN  A  SIMPLE 
HAMILTONIAN  SYSTEM  AND  APPLICATION  TO  A  SIM- 
PLIFED  SHALLOW  WATER  MODEL 

A.  Hannachi 

Atmospheric  physics.  Clarendon  Laboratory  Parks  Road,  Oxford  0X1  3PU. 
hanhatn .oz.ac.uk 

A  simple  Hamiltonian  system  is  used  to  show  that  convergence  of  assimilation 
by  sequential  updating  is  a  decreasing  function  of  the  updating  time  interval 
At  up  to  a  certain  turnover  point  At^  where  the  process  reverses.  The  key 
point,  using  a  second  order  Taylor  expansion  of  the  system  resolvent,  is  that 
the  convergence  is  basically  of  order  O(Af’)  for  small  At. 

Application  to  a  ID  nonlinear  shallow  water  model  shows  that  when  the  zonal 
or  meridional  wind  ate  updated,  the  maximum  convergence  is  obtained  when 
the  observations  ate  insetted  approximately  every  4  hours.  A  low  order  simpli¬ 
fied  dynamical  system  derived  from  the  shallow  water  model  is  used  to  show 
that  this  optimum  time  interval  At,  varies  approximately  as  to  accu¬ 

racy  0(At®).  Attention  is  also  focussed  on  the  use  of  the  linearized  model  and 
We  conjecture  that  when  the  (quasi-)  stationary  basic  state  of  a  geophysical 
model  is  close  to  the  climatology,  then  the  linearized  version  can  be  used  to 
diagnose  the  turnover  point. 


LARGE  SCALE  DYNAMICS  OF  FREELY  DECAYING 
SHALLOW- WATER  TURBULENCE  ON  A  SPHERE 
R.  lacono,  M.  V.  Struglia,  C.  Ronchi  and  S.  Nicastro 
C.R.  ENEA  -  Casaccia,  Italy. 

We  have  performed  long  (several  hundreds  planetary  rotations),  very  high  res¬ 
olution  (up  to  an  equivalent  T700  spectral  truncation),  simulations  of  freely 
decaying  shallow  water  turbulence  on  a  rotating  sphere,  spanning  a  wide  range 
of  values  of  Rossby  and  Froude  numbers. 

The  numerical  method  used  in  these  simulations  is  the  "Cubed  Sphere”,  a  new 
grid  point,  composite  mesh,  method  for  solving  PDE’s  in  spherical  geometry, 
which  allows  to  obtain  the  same  accuracy  as  the  spectral  transform  method, 
with  substantial  savings  in  computing  time. 

In  this  work,  we  focus  our  attention  on  the  spontaneous  formation  of  zonal 
jets  and  on  the  final,  steady-state,  zonally  averaged  profiles.  We  investigate  the 
influence  of  spatial  resolution  and  initial  conditions  on  the  number,  intensity 
and  latitudinal  extent  of  the  zonal  jets.  At  sufficiently  high  rotation  speeds,  a 
strong  equatorial  jet  is  formed,  in  the  direction  opposite  to  that  of  planetary 
rotation.  The  mechanism  of  formation  of  this  jet  is  investigated. 

Finally,  we  find  that,  at  small  Rossby  numbers,  the  quasi-steady  state  reached 
in  the  final  stages  of  the  simulations  is  characterized  by  a  wind  field  satisfying 
a  zonally  averaged  geostrophic  relation,  even  though  the  velocity  can  deviate 
substantially  from  local  geostrophic  balance. 


NUMERICAL  SIMULATION  OF  INSTABILITY  IN  ROTATING 
SHEAR  LAYER  IN  GALACTIC  DISKS  AND  SHALLOW  WATER 
EXPERIMENTS 

L  G.  Kovalenko,  V.  V.  Levy  and  V.  V.  Mnsfsevoj 
Volgograd  State  University,  Volgograd  400062,  Russia. 

XevyCphyaic .  vgu.tsaritsyn.au/Fax:  [-1-7]  8442-433786 
We  present  the  results  of  2D  and  3D  numerical  study  of  the  rotating  thin  layer 
dynamics  with  an  angular  velocity  kink.  The  linear  and  non-linear  stages  of 
instability  ate  investigated.  A  comparative  analysis  of  two  different  models, 
the  shallow  water  model  and  the  model  of  compressible  gaseous  astrophysical 
disks,  is  given. 


QUASI-TWO-DIMENSIONAL  MODELLING  OF  THIN 
ASTROPHYSICAL  GASEOUS  DISKS 
I.  G.  Kovalenko,  V-  V.  Levy  and  D.  V.  Lukin 
Volgograd  State  University,  Volgograd  400062,  Russia. 
igkCphysic.vgu.tsBritsyn.su/Faz:  [-1-7]  8442-433786 
We  discuss  at  once  the  tight  analogy  and  the  fundamental  difference  between 
the  shallow  water  model  for  incompressible  fluid  and  the  quasi-2D  models  for 
compressible  thin  gaseous  disks  in  astrophysics.  We  give  a  critical  review  of 
current  thin  disk  approximations  in  astrophysics  and  thw  crucial  shortcomings. 
We  present  our  new  self-consistent  method  for  computing  quasi-2D  dynamics 
of  thin  disks  free  from  the  mentioned  drawbacks.  The  important  novel  feature 
of  the  present  algorithm  is  proper  taking  into  account  the  vertical  motions, 
the  multimodal  nature  of  osi^tions  in  disk  and  an  arlutrary,  non-barotropoic 
equation  of  state  of  gas.  The  influence  of  excited  vertical  motions  on  global 
quasi-2D  dynamics  is  demonstrated  by  some  examples  based  upon  this  model. 


A  THERMAL  WIND  IN  PANCAKE  VORTICES  IN  A  STABLY 
STRATIFIED  FLOW 
P.  S.  Marcus 

Dept,  of  Mechanical  Engineering,  University  of  California,  Berkeley,  CA  94720 
USA. 

phil6cfd.Be.berkelsy.edu 

In  rapidly  rotating  flows,  vortices  form  Taylor  columns  aligned  with  the  verti¬ 
cal  rotation  axis  z.  When  the  flow  is  thermally  stratified  the  Taylor-Ptoudman 
theorem  is  modified  so  that  dv/di  is  no  longer  zero  but  proportional  to  the 
horizontal  temperature  gradient  VhT.  This  is  the  Thermal  Wind  Equation 
(TWE).  With  a  proper  V^T  pancake-shaped  rather  than  columnar  vortices 
form.  Planetary  vortices  are  pancake-like.  An  isothermal  pancake  vortex  will 
not  satisfy  the  TWE,  and  creates  a  secondary  flow  similar  to  Ekman  pumping. 
This  flow  creates  a  VjjT  in  accord  with  the  TWE.  However,  the  vortex  decays 
slowly,  and  for  small  Prandtl  number,  with  the  thermal  rather  than  viscous, 
timescale:  thermal  conductivity  acts  to  destroy  V^T,  blit  it  fa  maintained  by 
the  secondary  flow  (which  is  forced  by  the  imbalance  in  the  TWE  if  VffT 
decays).  Thus  the  thermal  timescale  regulates  the  secondary  flow.  Kinetic  en¬ 
ergy  flows  from  the  primary  vortex  into  the  secondary  flow  which  transforms 
it  to  potential  energy  (as  it  advects  heat  against  the  stable  stratification).  The 
potential  energy  (stor^  as  cold  above  hot  fluid)  is  then  thermally  dissipated. 
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MERIDIONAL  DRIFT  OF  THE  ROSSBY  VORTICES 


MiNeilin.  A.Rylov,  ILTitishov,  G.Chernikov 

RRC  Kurchatov  Institute',  Russia,  123182  Moscow,  Kurchatov 

Square,! 

<nezlin@qq.nfi.kiae.su>/Fax:  ■t’7-09S-943*0073 


The  meridional  drift  velocities  of  the  Rossby  vortices  on  the 
shallow  water  rotating  together  with  a  parabolic  vessel  have 
been  measured.  The  shallow  water  depth  gradient  was  regulated 
by  means  of  variation  of  the  paraboloid  rotation  period.  The 
results  Pbtained  are  the  following.  (I).  CyMones  and 
anticyclones  drift  along  the  meridian  in  mutualiy  opposite 
directions.  (2).  In  aeneral,  the  meridional  drift  velocity  is  only 
an  order  of  magnitude  less  than  the  azimuthal  drift  velocity 
(along  the  paraUel).  (3).  The  meridional  drift  velocity  equals 
zero  at  the  vessel  rotation  period,  at  which  the  Ross^  velocity 
(of  linear  waves)  changes  the  propagation  direction.  Therewith, 
the  nonlinear  cyclones  propagate  eastwards,  the  nonlinear 
anticyclones,  westwards,  and  the  fife  time  of  the  vortices  passes 
through  a  maximum.  (4).  The  absence  of  the  meridional  tfrlft  is 
the  necessary  condition  for  the  Rossby  soliton  (a  cyclone  drifting 
eastwards  and  anticyclone  drifting  westwards).  (S).The 
following  mechanism  lor  the  vortex  meridional  drift  has  been 
suggested.  Under  the  action  of  dispersion  and  nonlinearity,  the 
vortex  drifting  in  the  azimuthal  direction  suffers  an  azimuthal 
deformation  which  produces  the  azimuthal  gradient  in  the 
hydrostatic  pressure.  The  latter  causes  the  meridional  vortex 
drift  by  the  same  gyroscopic  mechanism,  by  which  the  stationary 
meridional  gradient  in  (he  shallow  water  pressure  causes  the 
azimuthal  Rossby  vortex  drift  (and  produces  the  Rossby  waves). 
The  conception  mentioned  is  in  a  good  agreement  with  the 
experimental  data. 


FLOW  PAST  ISOLATED  TOPOGRAPHY:  A  COMPARISON 
BETWEEN  CONTINUOUSLY  STRATIFIED  AND  SHALLOW- 
WATER  DYNAMICS 
Christoph  Schar 

Atmospheric  Physics  ETH,  Ziitich,  Switzerland. 
schaarCatnos.iumv.ethz.ch 

Shallow-water  and  continuously  stratified  flows  past  isolated  topography  are 
characterized  by  a  wide  range  of  surprinsingly  similar  flow  features  including 
the  transition  into  a  dissipative  regime,  the  formation  of  lee  vortices,  and  the 
occurrence  of  vortex  shedding.  A  comparison  between  these  two  flow  systems 
is  undertaken  using  high-resolution  numerical  simulations.  Both  flow  systems 
show  two  distinct  nonlinear  flow  regimes.  These  are  associated,  respectively, 
with  the  occurrence  of  a  hydraulic  jump  (gravity  wave  breaking),  or  flow  split¬ 
ting  and  flow  separation  within  the  shallow  fluid  layer  (on  the  lowermost  isen- 
tropic  surfaces). 

The  analysis  of  the  results  using  potential  vorticity  dynamics  suggests  that 
the  qualitative  similarities  between  the  two  flow  systems  rely  upon  the  exis¬ 
tence  of  (i)  a  potential  vorticity  relationship,  and  (ii)  a  generalized  form  of  the 
Bernoulli  theorem.  The  latter  equates  gradients  of  the  Bernoulli  function  on 
density  surfaces  with  either  advective  or  dissipative  fluxes  of  potential  vortic¬ 
ity,  and  thereby  provides  a  link  between  dissipation  and  associated  dynamical 
effects  such  as  the  formation  of  lee  vortices. 


GENERATION  OF  VORTEX  PATTERNS  AND  SPIRAL  WAVES 
IN  A  SHALLOW  WATER  ANNULAR  SHEAR 

E.  Snezhkin  (1)  and  J.  Sommeria  (2) 

(1)  Inst,  for  Nuclear  Fusion,  "Kurchatov  Institute"  Kurchatov  Sqr.  1  123182 
Moscow  RUSSIA,  (2)  Laboratoire  de  Physique,  E.N.S.  Lyon,  46  al.  d'ltalie  69 
364  Lyon  Cedex  07  ^ance. 
somseriaaphys iqua . aaa-lyon . f r 

We  produce  an  annular  shear  flow  in  a  shallow  water  layer  entrained  by  a 
bottom  plate  in  differential  rotation.  The  inner  part  is  rotating  while  the  outer 
part  is  at  rest,  generating  an  intense  shear  along  the  contact  line.  The  inner 
part  has  a  parabolic  shape  so  that  the  layer  thickness  remains  constant  in 
average.  We  study  the  development  of  shear  instability  and  its  organization 
into  a  vortex  ring  and  the  emission  of  spiral  surface  waves  (equivalent  to  sound 
waves  in  a  2D  system).  This  problem  has  been  already  studied  experimentally 
by  Nezlin  and  Snezkhin,  but  the  new  contribution  is  a  quantitative  analysis  of 
the  emmitted  spiral  waves. 

These  are  found  in  good  agreement  with  a  model  of  wave  emission  by  the 
rotating  ring  of  vortices,  using  a  the  perturbative  rnethod  of  Lighthill.  We  And 
that  the  vortex  ring  always  organizes  such  that  the  Mach  number  never  exceeds 
unity,  avoiding  abode  waves.  The  transport  of  angular  momentum  by  the  spiral 
waves  is  also  discussed. 


LABORATORY  MOSELLING  OF  INTERNAL  WAVES 
GENERATION  BY  DRIFTING  ICEBERG 

O.D.  Shishkina 

Institute  of  Applied  Physics  RAS 
E-mail:  ols@appl.sci-nnov.ru 

Results  of  laboratory  investigation  on  internal  waves  generation 
by  a  vertical  cylinder  are  presented.  Experiments  were  performed 
in  thermally  stratified  tank  in  lAP  RAS  with  overall  dimensions 
L*B*tf  =  18*4*2m®  with  the  horizontally  homogeneous 
thermocline-type  stratification  created  in  the  fresh  water,  so 
providing  a  sc^e  model  of  the  seasonal  ocean  thermocline. 

The  cylinder  crossed  the  free  surface  and  had  various  depth  T 
relatively  to  the  thermocline’s  level  ho  {T/ho  =  0.5  —  1.5).  The 
velocity  range  was  similar  to  natural  iceberg  drifting  velocity.  The 
mode  structure  of  the  IW  field,  the  phase  picture  and  the  IW 
amplitudes  versus  the  cylinder’s  draught  and  velocity  are 
obtained.  Both  dispersive  and  nonlinear  IW  effects  were  observed. 
This  work  was  supported  by  the  RFBR  grants  no.  96-05-64457, 
no.  96-05-64476  and  INTAS  grant  no.  94-4057. 


MODELLING  OF  THE  MECHANISM  OF  OCEAN  SURFACE 
COOLING  BY  UNDERWATER  EARTHQUAKE. 

M.  A.  Nosovf*!.  B.  W.  Levinf**!.  L.  N.  Rvkunovf*! 

(*)Physics  Department,  Moscow  State  University,  Vorobjovy  Gory, 
Moscow,  1 19899,  Russia;  (**)P.P.  Shirshov  Institute  of  Oceanology,  RAS, 
36,  Nakhimovsky  prosp.,  Moscow,  1 1 78S 1 ,  Russia 
E-mail:  nosov@psiwc47.phys.msu.su 

The  appearance  of  the  large-scale  (~500  km)  cold  sea  surface  temperature 
anomalies  were  discovered  in  the  epicentre  region  of  the  strong  underwater 
earthquakes  near  Bougenville  Isl.  in  May,  1996.  The  estimations  carried  out 
from  the  energetic  point  of  view  show  that  the  mechanism  of  the  SST 
anomaly  origin  was  certainly  connected  with  an  export  of  cold  lower  water 
layers  to  the  ocean  surface  as  a  result  of  turbulent  mixing  or  vertical  non¬ 
linear  currents  generated  by  seismic  bottom  motions.  For  the  sake  of 
revealing  the  mechanism  laboratory  experiments  with  the  system  “stratified 
fluid  on  the  oscillating  bottom”  were  fulfilled.  In  particular  it  was  shown 
that  there  is  a  dynamic  mode  in  the  system  when  the  vertical  eddy  difiiision 
coefficient  grows  dramatically  (by  three  orders).  It  gives  us  grounds  to  state 
that  one  of  the  possible  mechanisms  of  the  SST  anomaly  origin  in  the 
underwater  earthquake  epicentre  region  occurs  due  to  an  effective  transfer 
of  energy  from  the  moving  bottom  to  the  ocean  turbulence. 


SHALLOW  WATER  EXPERIMENTS  WITH  A  SPHERICAL 
ICOSAHEDRON-BASED  MULTIGRID  MODEL 
G.  R.  Stuhne  and  W.  R.  Peltier 

Dept,  of  Physics,  University  of  Toronto,  Toronto,  Ontario,  Canada  MSS  1A7. 
gordanCatnosp. physics. utoronto.ca/Fax:  (416)  978-8905 

Results  of  numerical  simulations  will  be  reported  pertaining  to  a  variety  of  in¬ 
stances  of  barotropic  and  shallow  water  dynamics  on  the  surface  of  the  sphere. 
These  have  been  obtained  with  a  new  grid-point  based  methodology  which 
makes  use  of  a  nested  mesh  structure  deriving  from  successive  dyadic  refine¬ 
ments  of  the  spherical  icosahedron.  In  combination  with  multigrid  methods, 
spatial  discretization  schemes  of  this  type  can  improve  algorithmic  complex¬ 
ity  to  0{n)  from  the  O(n’)  of  pseudo-spectral  models  (n  being  the  number  of 
degrees  of  freedom).  We  have  implemented  models  based  upon  the  basic  frame¬ 
work  which  integrate  the  vorticity-streamfunction  formulation  of  the  barotropic 
system  and  the  velocity-height  formulations  of  both  the  barotropic  and  the  shal¬ 
low  water  systems.  The  results  to  be  described  will  include  cases  from  the  stan¬ 
dard  test  set  for  shallow  water  models  on  the  sphere  (Williamson,  et  al,  1992), 
as  well  as  reproductions  of  a  previous  simulation  by  Juckes  and  McIntyre  (1987) 
of  the  erosion  of  the  stratospheric  polar  vortex  by  an  impinging  Rossby  wave. 
We  will  also  discuss  new  work  relating  to  the  dynamics  of  zonal  flows  and  vor¬ 
tical  structures  in  the  stratospheres  of  the  gas  giant  planets.  The  influence  of 
varying  height  fields  on  piecewise  homogenized  “staircases”  of  barotropic  PV 
will  be  considered. 
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PHYSICAL  MECHANISMS  OF  AN  INTENSE  VORTEX  MOTION 
G.  G.  Sutyrin 

Graduate  School  of  Oceanography,  University  of  Rhode  Island,  Narragansett, 
RI  02882-1197,  USA. 

Intense  vortex  motion  resulted  from  its  nonlinear  interaction  with  a  large-scale 
flow  with  weak  gradient  of  the  potential  vorticity  is  analyzed.  Physical  inech- 
anisms  of  a  vortex  center  motion  relative  the  large-scale  flow  are  described  by 
decomposing  the  vortex  circulation  into  symmetric  and  asymmetric  compo¬ 
nents.  The  special  structure  of  symmetric  vortices  drifting  steadily  due  to  the 
Rossby  wave  mechanism  is  emphasized.  All  other  vortices  include  asymmetric 
circulation  that  represents  another  physical  mechanism  for  additional  station¬ 
ary  or  nonstationary  vortex  motion.  Relative  contributions  of  both  mechanisms 
are  estimated  for  barotropic  and  baroclinic  vortices.  Results  are  compared  with 
'  geophysical  observations,  laboratory  modeling  and  numerical  simulations. 


POSSIBLE  VERIFICATION  OF  THE  DEFORMATIONAL  LONG¬ 
WAVE  INSTABILITY  EFFECT 
E.  Tikhomolov 

Institute  of  Solar-Terrestrial  Physics,  664033  Irkutsk,  P.O.Box  4026,  Russia, 
e  .tikhOiszl .  irk .  ru 

The  deformation  of  the  upper  surface  of  the  rotating  fluid  layer  heated  from 
below  can  be  the  reason  for  appearance  of  horizontal  temperature  gradients. 
These  temperature  gradients  can  give  rise  to  baroclinic  component  of  the  flow 
which  is,  in  fact,  the  thermal  wind.  If  the  upper  surface  is  not  sustained  at 
constant  temperature  the  initial  disturbances  of  the  upper  surface  tend  to  zero 
because  flows  are  damped  out  due  to  viscosity.  But  in  opposite  case  a  new 
effect  can  appear,  i.e.  the  increase  of  the  deformation  amplitude.  This  effect 
was  called  in  our  previous  paper  as  the  deformational  long-wave  instability. 
The  necessary  conditions  for  this  instability  to  be  realized,  besides  the  heating 
from  below,  are  the  small  thickness  of  the  layer  in  respect  to  the  horizontal 
scale  of  the  flows  and  rather  rapid  rotation.  Here  we  discuss  the  possibility  of 
verifying  the  validity  of  the  theory  of  the  deformational  long-wave  instability 
by  shallow  water  experiments. 


A  SPECTRAL  DOMAIN  DECOMPOSITION  METHOD  TO 
RESOLVE  A  STRONG  LOCALIZED  SHEAR  LAYER 

MireilleTOMASINI 

ENM-ENAC,  7  av.  E.  Belin,  BP  4005, 31055  Toulouse  Cedex,  Fiance 
tomasini@recherche.enac.fr 

Kelvin-Helmholtz  and  centrifugal  instabities  coexist  in  a  strong  shear 
layer  in  rotation  if  the  angular  momentum  decreases  outwards.  We  have 
already  studied  them  numerically  with  a  2D  barotropic  compressible 
pseudo-spectral  code  and  found  a  qualitative  agreement  with  shallow  water 
experiments.  But  for  quantitative  comparisons,  the  shear  width  is  expected 
to  be  tightened.  To  correctly  resolve  the  shear  with  Chebyshev  spectral 
method  in  the  radial  direction,  the  number  of  points  (or  frequencies)  can  be 
increased,  but  not  indefinitely.  Moreover,  the  better  accuracy  is  at  the 
boundaries.  As  the  shear  is  localized  around  the  middle  of  the  radial 
annulus,  we  have  chosen  to  join  2  Chebyshev  domains  at  this  position.  We 
will  link  the  2  domains  with  the  characteristics  method  by  traiting,  at  the 
interface,  only  the  waves  travelling  radially,  due  to  the  advection  terms  of 
the  full  Naviers-Stokes  equations.  Some  results  (most  instable  frequency 
and  its  linear  growth  rate)  and  comparisons  with  shallow  water  experiments 
(number  of  slationnaiy  vortices,  drift  velocity)  will  be  showed  at  the  same 
convective  Mach  number  and  ratio  of  the  shear  radius  over  the  shear  width. 


Particle  tracing  in  a  circular  shear  layer 

J.A.  van  de  Konijnenbeig,  A.H.  Nielsen,  J.  Juul  Rasmussen  and  B.  Stenum 
Risoe  National  Laboratoiy,  Optics  and  Fiuid  Dynamics  Department,  Building  128, 
P.O.  Box  49,  4000  Roskilde,  Denmark  Email:  bjame.stenum@risoe.dk 

The  trajectories  of  particles  in  the  vortical  stmctures  generated  by  a  shear  layer  are 
investigated.  In  the  experiments,  a  small  number  of  floating  tracer  particles  is  reieased 
in  the  shear  region,  and  their  paths  are  extracted  from  a  video  recording  made  in  the 
rotating  system.  Due  to  a  siight  unsteadiness  in  the  flow  field,  a  particle  ean  move 
between  qualitatively  different  orbits,  and  one  can  observe  trapping  and  detr^ping  of 
the  particle  by  a  vortex.  A  determination  of  very  long  particle  traces  and  their  chaotic 
properties  is  the  subject  of  present  investigation;  moreover,  studies  of  the  effect  of 
different  sizes  of  particles  will  be  carried  out.  In  order  to  study  particle  trajectories  in 
a  shear  layer  numerically,  the  numerical  code  has  been  extended  with  a  module  that  is 
able  to  follow  individual  particles  with  spectrai  accuracy.  Apart  from  tracing  a  single 
particle  over  a  long  time,  the  numerical  method  is  suit^  for  studying  the  dispersion 
of  a  large  number  of  particles.  In  general,  one  finds  that  particles  that  ate  released 
close  to  a  vortex  centre  remain  trapped  indefinitely,  but  that  particles  released  at  the 
edge  of  a  vortex  show  an  irregular  motion  corresponding  to  trapping  and  detrapping. 


Influence  of  the  beta  effect  on  shear-flow  Instability 

JA.  van  de  Konijnenberg,  A.H.  Nielsen,  J.  Juul  Rasmussen  and  B.  Stenum 
Risoe  National  Laboratoiy,  Optics  and  Fluid  Dynamics  Department,  Building  128, 
P.O.  Box  49, 4000  Roskilde,  Denmark  Email:  bjame.stenum@risoe.dk 

The  influence  of  the  beta  effect  on  the  instability  of  a  forced,  circular  shear  layer  in  a 
rotating  layer  of  water  is  studied  experimentally  and  numerically.  The  experiments  are 
carried  out  in  a  rotating  parabolic  vessel  with  a  differentially  rotating  iimer  section. 
Above  a  critical  value  of  the  inner  rotation,  the  shear  layer  becomes  unstable,  and 
evolves  into  a  number  of  equally  signed  columnar  vortices.  A  topographic  beta  effect 
is  introduced  by  a  faster  (beta>0)  or  a  slower  (beta<0)  background  rotation.  In 
geophysical  terms,  the  case  beta>0  corresponds  with  dynamics  around  the  North  or 
South  pole.  Thus,  using  the  terminology  of  the  northern  hemisphere,  the  *notthI 
corresponds  to  shallow,  and  <southl  to  deep.  Both  the  number  of  vortices  and  the 
steadiness  of  the  final  vortex  pattern  appear  to  be  influenced  by  the  beta  effect  In 
particular,  the  vortex  chain  becomes  less  susceptible  to  instability  if  the  inner  section 
rotates  in  the  eastward  direction,  and  tends  to  become  unsteady  in  the  opposite  case. 
The  angular  velocity  of  the  vortices  around  the  centre  of  the  vessel  appears  to  be  much 
lower  than  the  average  of  the  inner  disk  and  the  outer  part  of  the  vessel,  an  effect  that 
can  be  explained  in  terms  of  noniinear  advection  of  vorticity  by  the  vortex  chain.  The 
experiments  are  supported  by  numerical  simulations  based  on  the  spectral  solution  of 
the  quasi-geostiophic  equation  in  a  geometry  similar  to  the  experimental  situation. 
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SEISMIC  MOMENT  TENSOR  OF  WEAK  CRUSTAL 
EARTHQUAKES  OF  VRANCEA  (ROMANIA)  RETRIEVED  BY 
WAVEFORM  INVERSION 
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The  inversion  of  high-frequency  seismograms  is  performed  to  retrieve  the 
seismic  moment  tensor  for  weak  crustal  earthquakes  (2.9  S  Ml  S  3.6)  of 
Vrancea  region  (Romania).  The  source  is  described  by  the  full  moment 
tensor,  having  both  volumetric  component  and  deviatoric  part.  Synthetic 
seismograms  are  computed  by  the  modal  suimnation  method,  using  the  point 
source  approximation,  for  horizontally  layered  anelastic  media.  The  digital 
waveforms  recorded  by  the  Romanian  local  network  (velocity  records, 
vertical  component,  with  sampling  rate  of  SO  samples/sec)  are  used.  The 
method  performs  dynamic  relocation  of  the  hypocentre  and  a  simple 
optimization  of  the  structural  model  simultaneously  with  the  determination 
of  the  source  mechanism. 


AFTERSHOCK  SERIES  OF  EVENT  FEBRUARY  18,  1996: 

AN  INTERPRETATION  IN  TERMS  OF  SELF-ORGANIZED 
CRITICALITY 

A.  M.  Correig  (1),  M.  Urquizd  (1),  J.  Vila  (1)  and  Susanna  C.  Manrubia  (2) 
(1)  Departament  d’Astronomia  i  Meteocologia,  Universitat  de  Barcelona,  Marti 
Franqu^  1,  E-08028  Barcelona,  Spain.,  (2)  Departament  de  Fisica  i  Enginye- 
ria  Nuclear,  Universitat  Polit«:nica  de  Catalunya  -  Campus  Nord  B5,  E-08034 
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An  aftershock  interevent  time  series,  initiated  on  February  18,  1996,  in  the 
eastern  Pyrenees  was  analyzed.  The  original  time  series  does  not  fit  Omori’s 
law,  probably  because  of  sudden  changes  in  the  rate  of  occurrence,  interpreted 
as  an  increase  in  the  production  rate.  When  the  recorded  interevent  time  se¬ 
ries  is  classiRed  in  terms  of  leading  aftershocks  (those  that  satisfy  a  rela.xation 
process)  and  cascades  (those  occurred  at  a  nearly  constant  rate),  the  new  time 
series  of  the  leading  aftershocks  fits  Omori’s  law  quite  well,  with  p  =  0.94. 
Interpreted  in  terms  of  Dietrich’s  model,  the  series  of  leading  aftershocks  cor¬ 
rectly  predicts  a  return  time  for  the  main  shock  of  the  order  of  50  years.  To 
interpret  the  series  of  cascades,  a  minimalist,  self-organized  critical  model  was 
used.  Although  it  is  very  simple,  the  model  correctly  reproduces  the  two-level 
structure  in  the  observed  time  series,  that  is,  the  sequence  of  leading  after¬ 
shocks  and  a  cascade  sequence  emerging  from  each  aftershock.  This  model  may 
be  given  physical  justification  in  terms  of  the  Cochard  and  Madariaga  [1996] 
nucleation  model. 


AUTOMIZED  MOMENT  TENSOR  INVERSION  OF  FLUID- 
INDUCED  MICRO-SEISMICITY  IN  SALT 
T.  Dahm  (1),  G.  Manthei  (2)  and  J.  EisenblStter  (2) 
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Amplitude  spectra  of  body-wave  phases  are  used  to  estimate  moment  tensors 
of  swarm-events  in  an  automized  procedure.  For  this,  single  and  multiple  event 
methods  have  been  extended  to  amplitude  spectra  data,  and  to  one  component 
sensors  with  known  orientation.  The  resulting  nonlinear  inversion  problem  is, 
after  a  Taylor  series  expansion,  iteratively  solved  beginning  with  an  initial 
source  model.  To  avoid  convergence  to  a  local  minimum  we  use  a  grid  search 
over  initial  fault  orientations  on  the  focal  spheres  and  choose,  after  a  number 
of  fixed  iterations,  the  solution  having  the  least  residuals  between  observed  and 
predicted  amplitude  spectra.  To  further  stabilize  the  inversion  we  optionally  use 
a  general  dislocation  source  constraint.  The  methods  are  tested  on  synthetic 
waveform  data  and  on  fluid-induced  micro-cracks  in  salt.  There,  about  100 
events  span  a  volume  of  a  Im’  surroundig  a  macro  tension-crack  with  a  radius 
of  a  0.5m  .  The  waveforms  have  been  recorded  with  8  piezo-sensors  in  3- 
10  m  distance.  Preliminary  results  indicate  tension  source  components.  We 
will  discuss  the  estimated  source  mechanisms  in  terms  of  fracture-mechanical 
processes  during  the  development  of  a  tension  crack. 


SEISMIC  MODELING  OF  EXPLOSION  EARTHQUAKES  OF 
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The  seismic  modeling  of  explosion  earthquakes  was  made  for  earthquakes 
related  to  the  1991  eruptive  activity  of  the  Ml.  Arenal  volcano,  Costa  Rica, 
during  8  to  16  of  April  and  7  to  18  July.  There  were  investigated  20  digital 
short-period  3-component  seismic  records.  The  simuhaneous  recording  of 
sound  waves  bad  allowed  to  control  the  nature  of  seismic  events.  The 
synthetics  were  calculated  for  vertical  force  that  represented  a  counter  force 
of  eruption  (Nishimura,  1995).  There  is  shown  that  the  multiple  forces  can 
better  model  the  explosion  earthquake  source  than  the  single  force.  The  best 
coincidence  of  the  observed  records  and  synthetics  was  obtained  for  a 
sequence  of  4  or  5  vertical  forces  which  were  included  consistently  with  an 
interval  of  0.5  sec.  The  calculated  counter  forces  of  explosions  were 
compared  with  the  published  worldwide  data. 


ON  THE  RESOLUTION  OF  THE  ISOTROPIC  COMPONENT  IN 
MOMENT  TENSOR  INVERSIONS 

H.  Dufumierand  L.  Rivera 

EOST,  5  r  Descartes,  67084  Strasbourg,  France. 

If  it  is  in  theory  possible  to  solve  a  full  moment  tensor  from  inversion  of  a  few 
seismograms,  the  isotropic  component  is  often  set  to  zero  in  practice  in  order 
to  stabilize  the  inversion.  We  investigate  under  which  practical  conditions  the 
determination  of  the  isotropic  component  is  mathematically  and  physically  reli¬ 
able.  First,  we  examine  the  question  from  a  physical  point  of  view  and  show  that 
the  classical  interpretation  of  a  full  moment  tensor  for  tectonic  events  implies 
rheological  constraints  that  are  not  always  realistic.  We  propose  an  extended 
physical  model  which  includes  tectonic  and  non-tectonic  volumetric  variations. 
Then  we  use  the  tools  of  inverse  theory  to  infer  mathematical  constraints  on 
the  problem  of  full  moment  tensor  inversions  from  teleseismic  spectra.  In  par¬ 
ticular.  we  examine  how  much  of  the  moment  tensor  can  be  solved,  in  relation 
with  the  eigenvalues  of  the  inverse  problem.  The  resolution  and  the  correlation 
matrices  show  that,  among  a  choice  of  possible  constraints  on  the  full  tensor,  a 
constraint  on  the  isotropic  component  is  most  valuable.  In  addition  to  the  es¬ 
timation  of  the  tectonic  and  non-tectonic  isotropic  components  in  full  moment 
tensor  inversions,  we  finally  propose  extensions  of  the  basic  linear  methods  that 
can  lead  to  particular  models  in  subspaces  of  interest,  such  as  tectonic  models, 
or  decompositions  in  a  double-couple  plus  a  volumetric  part.  Some  applications 
of  our  theoretical  developments  to  regional  waveform  inversions  are  shown,  for 
the  April  199'2.  Roermond,  earthquake. 
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The  main  purpose  of  this  work  is  to  analyse  global  inversion  of  waveform  data 
for  the  moment  tensor  and  source  retrieval  using  three  component  data  from 
seismic  stations.  For  this  purpose  we  have  extended  to  the  SH  component  of 
motion  the  method  preposed  by  Sileny  et  al.  (1992).  The  main  advantage 
of  considering  all  three  components  at  each  recording  station  is  to  r^uce 
the  number  of  necessary  stations  and  hence  not  only  the  cost  of  the  seismic 
network,  but  also  the  tioise  introduced  by  the  insufficient  knowledge  of  the 
phvsical  properties  along  the  source-receiver  path. 

'  It  is  weli  known,  that  the  source  depth  is  poorly  resolved  by  Love  waves, 
whereas  Love  waves  add  information  to  the  moment  tensor  components. 

Rayleigh  waves  includes  information  of  both  source  depth  and  eatthiiiiake 
miihanism.  The  source  is  assumed  to  be  a  point  source  in  space  but  not 
in  time.  The  procedure  u.sed  finds  the  global  solution  of  moment  tensor, 
souree-time  function,  and  source  location.  Green  functions  are  interpolate.1 
between  two  extreme  models  of  the  structure,  representative  of  the  consid- 
ensl  area.  Tim  first  step  retrieves  the  source  location  and  the  moment  rate 
tensor  components  as  ftinctions  of  time,  and  in  the  second  step,  these  time 
dependent  moment  rate  tensor  components  are  inverted  to  obt.vin  an  aver¬ 
age  constant  moment  tensor  am!  a  common  source  time  function.  Synthetic 

RIFT-ZONE  AND  OFF-RIFT  EARTHQUAKES  IN  ICELAND 
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Most  earthquakes  in  Iceland  are  associated  with  the  rift  zone  and  the 
off-rift  ocean-ridge  discontinuities,  the  TjOmes  Fracture  Zone  and  the 
South  Iceland  Seismic  Zone.  Earthquakes  in  the  rift  zone  rarely 
exceed  M6;  most  are  less  than  M5  and  generated  by  slip  on  normal 
faults.  Much  of  the  rift-zone  seismicity  is  associated  with  central 
volcanoes,  both  during  and  between  episodes  of  volcanism  and  rifting. 
Most  central  volcanoes  have  shallow  crustal  magma  chambers  and 
geothermal  fields  where  small  changes  in  stress  concentration  or  fluid 
pressure  can  trigger  earthquakes.  The  largest  earthquakes  associated 
with  the  ocean-ridge  discontinuities  reach  M7-7.5  and  are  generated 
by  slip  on  strike-slip  faults.  These  discontinuities  are  located  between 
overlapping  rift-zone  segments  and  concentrate  shear  stresses  during 
spreading  in  the  adjacent  rift  segments.  Numerical  results  indicate  that 
simultaneous  spreading  in  subparallel  rift-zone  segments  gives  rise  to 
the  largest  earthquake  sequences  in  Iceland. 


ERROR  ESTIMATE  OF  THE  MECHANISM  BY  MONTE  CARLO 

SIMULATION 
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Traditional  approaches  to  estimate  the  error  imposed  on  the  retrieval  of  the 
mechanism  of  an  earthquake,  its  rupture  history  and  seismic  moment  by  a 
noise  contamination  of  waveform  data,  rely  on  validity  of  the  assumption  that 
statistical  properties  of  the  noise  ate  ruled  by  a  particular  distribution  law, 
prevailingly  the  Gaussian  one.  Supposing  the  noise  can  be  described  by  its  stan¬ 
dard  deviation,  its  variance  is  transformed  by  data  kernel  of  linear  or  linearized 
inverse  problem  into  covariance  matri-xof  model  parameters  describing  the  seis¬ 
mic  source.  This  approach  suffers  from  two  drawbacks',  (i)  the  problem  is  non¬ 
linear;  (ii)  the  distribution  of  the  noise  may  be  non-Gaussian,  or  may  be  not 
known  at  all. 

We  introduce  the  approach  avoiding  both  the  shortcomings:  the  region  of  all 
the  solutions  expected  by  inverting  the  noisy  data  is  constructed  as  a  set  of 
solutions  of  the  inverse  problem  for  individual  realizations  of  noisy  data.  They 
are  generated  from  a  sample  of  observed  noise  by  Monte  Carlo  simulation: 
white  noise  is  convoluted  with  the  observed  noise  sample  yielding  a  particular 
realization  of  the  noise  which  is  random  but  retains  the  characteristics  of  the 
observed  sample.  This  approach  allows  us  to  consider  even  the  situations  when 
the  noise  has  different  characteristics  on  individual  channels  to  be  inverted. 


GEOMECHANICS  OF  THE  EARTHS  CRUST  OF  THE 
TRANSCARPATHIANS  AND  MECHANISMS  OF  LOCAL 
EARTHQUAKES  ACCORDING  TO  MACROSEISMIC  DATA. 
L.Yc.Nazarevych  (Carpathiait  Branth  of  Subbotin  Institute  of 
Geophysics  of  NASU.Naukova  str.  3-b,  290601,  L’viv,  UKRAINE). 

Among  basic  features  of  a  geodynamic  mode  of  the  Earth’s  crust  of 
the  Ukrainian  Transcarpathians  are  tectonic  compression  (0,000001 
units/year)  perpendicular  to  the  Carpathians,  small  (25  km)  thickness 
of  the  Earth's  crust  and  strong  differentiation  between  rheological 
properties  of  rocks  and  the  depth  which  is  due  to  higt  (60-80 
mw/sq.m)  heat  flow  in  the  mantle.  These  reasons  determine 
peculiarities  of  the  Earth's  crust  geomechanics  and  specific 
mechanisms  of  local  earthquakes,  in  particular,  sliding  of  the  upper 
massive  ■granite'  layer  about  the  surface  of  the  'basaltic'  layer  due  to 
a  strongly  fractured  underlayer  with  a  reduced  by  0, 2-0,3  km/sec 
value  of  velocity  Vp  present  in  the  lower  part  of  the  'granite'  layer; 
this  underlayer  is  attenuated  by  a  thermomechanic  mode,  cataclasis 
and  thermochemical  processes.  These  peculiarities  are  represented  in 
macroseismic  fields  by  distinctive  muzhroomlike  configurations  of 
isoseisms,  correspondent  displacements  of  macroseismic  epicenters 
relatively  instrumental  ones,  time  delays  and  spatial  migration  of 
afleishocks,  as  well  as  other  spatial-temporal  characteristics  of  a 
seismic  mode.  The  Earth’s  crust  general  structure,  in  particular,  the 
surface  of  a  crystalline  basement,  is  also  perceptible  in  macroseismic 
field  characteristics. 

LOW  FREQUENCY  SPECTRAL  METHOD  FOR  FOCAL  MECH¬ 
ANISMS  OF  WEAK  EARTHQUAKES  IN  WESTERN  GREECE 

M.  Pakzad  (1),  J.  Zahradnik  (1)  and  N.  Melis  (2) 
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Focal  mechanisms  are  studied  for  selected  weak  local  tectonic  earthquakes  of 
Corinth  Gulf  (Western  Greece).  The  method  is  based  on  complex-valued  low- 
frequency  spectra  below  the  corner  frequency,  along  with  theoretical  Green's 
function  spectra  (calculated  by  the  discrete-wavenumber  method),  which  is 
used  to  invert  for  the  lime-independent  components  of  the  seismic  moment 
tensor.  No  apriori  constraints  of  a  pure  deviatoric  and/or  double-couple  solu¬ 
tion  are  employed.  The  restriction  to  the  low  frequencies  disables  study  of  the 
source  time  function,  but  decreases  the  undesired  sensitivity  of  the  method  with 
respect  to  the  unknown  structural  details.  The  records  are  processed  as  a  w- 
hole,  without  any  separation  of  the  individual  waves,  thereby  not  requiting  any 
amplitude  picking.  These  features  make  the  method  robust  enough,  applicable 
to  small  networks  of  a  few  3-component  stations.  The  results  are  compared 
with  focal  mechanisms  determined  by  other  methods.  Errors  and  uncertainties 
are  discussed  both  on  synthetic  and  real  data  sets. 


TESTING  OF  THE  EMPIRICAL  GREEN’S  FUNCTION 

deconvolution  capability  in  the  special  case 

OF  VRANCEA  SUBCRUST  AL  EARTHQUAKES 


M.  Popa  *,  M.  Radulian  • 

*  National  Institute  for  Earth  Physics 
email:  mihaela@infp.ifa.ro 

Vrancea  is  one  of  the  few  singular  seismic  regions  of  the  world  where 
intermediate-depth  earthquakes  are  permanently  generated  (around  10 
events/morith  with  Ml  >  3)  within  an  extremely  confined  focal  volume.  This 
particularity  makes  it  like  a  suitable  site  for  application  of  EOF  technique. 
The  purpose  of  the  paper  is  to  test  how  \vell  the  EOF  deconvolution 
succeeds  to  constrain  the  source  and  to  optimize  its  application  to  Vrancea 
earthquakes.  Three  main  events:  March  1 1,  1983  (M  —  5.4),  April  12, 1983 
(M  =  5.1)  and  August  7,  1984  (M  =  5.1)  located  in  the  lower  part  of  the 
subducting  lithosphere  (h  ~  150  km)  are  considered.  A  set  of  30  events  (3.0 
<  M  <  4.4)  occurred  between  1981  and  1997  are  selected  as  corresponding 
empirical  Green's  functions.  The  relatively  large  number  of  available 
waveforms  allow  us  to  test  the  performance  of  the  EGF  technique  in 
retrieving  the  source  time  function  and  source  directivity. 


ARE  THE  SOURCE  PARAMETERS  OF  THE  VRANCEA 
(ROMANIA)  SUBCRUSTAL  EARTHQUAKES  DEPTH 
DEPENDENT? 

M.  Radulian  *,  M.  Popa  * 

•  National  Institute  for  Earth  Physics 
email:  niircea@infy.ifa.ro 

Vrancea  intermediate-depth  seismic  zone  (60  <  A  <  200  km)  is  characterized 
by  a  well-confined  focal  volume  (the  corresponding  epicentral  area  is  less 
than  3000  km^).  Several  observations  (number  and  Size  earthquake 
distribution  on  depth,  fault-plane  solutions)  suggest  that  the  seismic  regime 
varies  downdip  the  subducting  lithosphere. 

The  goal  of  this  paper  is  to  outline  any  trend  of  depth  dependence  in  the 
source  parameters  in  case  of  the  Vrancea  subcrustal  earthquakes.  To  this 
purpose,  the  Empirical  Green’s  Function  deconvolution  is  used  on  a  set  of 
more  than  150  events  with  focal  depth  covering  the  entire  intermediate- 
depth  range.  The  major  shocks  of  August  30, 1986  (Af,  =  7.2).  May  30,  1990 
(Af»  =  6.9)  and  May  31,  1990  (Af,  =  6.3)  are  also  considered. 

Possible  trends  are  tested  relative  to  the  random  flucmations.  Finally, 
correlation  with  seismic  cycle  modeling  for  Vrancea  region  is  discussed. 


COMPARISON  OF  OBSERVED  SECULAR  VARIATION  WITH  THE 
CHANGES  OF  THE  IGRF  IN  GERMANY 

RA.Roeserfn.  G.  Schulz  (2)  and  M.  Beblo  (3) 

(1)  Bundesanstalt  fiir  Geowissenschaften  und  Rohstoffe,  Hannover,  (2)  Erdma- 
gnetisches  Observatorium  Wingst,  (3)  Geophysikalisches  Observatorium  Fiirslen- 
feldbmck 

Hans.Roeser@bgr.de,  Fax  +49-5 1 1-643-3663 

In  1965,  1982  and  1992  repeat  measurements  of  the  magnetic  field  at  selected 
stations  have  been  made  in  the  Federal  Republic  Germany.  From  them  approxi¬ 
mative  polynomials  for  the  secular  variation  were  calculated  for  the  intervals  1965  - 
1982  and  1982  -  1992  and  compared  with  the  IGRF  changes: 

1.  The  signs  of  the  changes  of  the  measured  regional  field  and  of  the  IGRF  are 
identical  for  the  linear  and  for  the  quadratic  terms.  The  quadratic  terms  of  the 
regional  field  changes  are  about  2.5  times  larger  than  the  respective  IGRF  terms, 
the  linear  terms  1.5  times  larger.  Consequently,  the  secular  variation  is  included 
(only)  partly  in  the  IGRF. 

2.  The  mean  north-south  gradient  has  increased  from  1965.0  to  1982.5,  afterwards 
decreased.  The  east-west  gradient  and  the  quadratic  terms  have  retained  their 
signs.  The  increase  of  the  main  field  since  1982.5  is  much  smaller  than  before. 

As  the  source  of  the  secular  variation  is  suspected  in  the  core  of  the  Earth,  core  field 
contributions  become  visible  here  which  are  included  in  the  IGRF  only  partly.  The 
strong  and  areally  small  changes  imply  that  for  some  substantial  processes  within 
the  core  the  time  constant  is  in  the  order  of  decades.  This  indicates  similarly  fast 
temperature  changes  at  the  core-mantle  boundary. 


ROBUSTNESS  OF  POINT  SOURCE  MOMENT  TENSOR  RE¬ 
TRIEVAL  IN  THE  ETNA  VOLCANIC  AREA 
Sarah  A.  and  Panza  G.F. 

Dipartimento  di  Scienze  della  Terra,  University  of  Trieste,  Via  Weiss  I,  Trieste, 
Italy  -  The  Abdus  Salam  International  Centre  of  Theoretical  Physics,  S.XND 
Group,  Trieste,  Italy. 

We  determine  the  complete  seismic  moment  tensor  of  a  set  of  shallow  earth¬ 
quakes  in  the  Etna  volcanic  area  (Italy)  using  the  method  developed  by  Sileny 
and  Panza  (1991).  This  method  does  not  need  an  initial  source  model  and  con¬ 
sists  of  two  steps:  linear  waveform  inversion,  from  which  the  moment  tensor 
rate  function  (MTRF)  is  retrieved  and  subsequent  factorization  of  the  MTRF 
to  compute  the  average  fault  plane  solution  and  the  corresponding  source  time 
function. 

As  to  investigate  volume  changes  of  the  source  related  to  movements  of  mag¬ 
mas  and  lenticular  cracks  connected  with  fluid  circulation,  we  are  interested  in 
the  temporal  evolution  of  the  isotropic  and  of  the  deviatoric  component,  some 
preliminary  tests  have  been  done  to  estimate  the  reliability  of  the  obtained 
solutions.  The  robustness  of  the  moment  tensor  solution  is  investigated  for  dif¬ 
ferent  structural  models  and  for  various  station  distributions.  .Advantages  and 
limits  of  the  method  are  throughly  discussed. 


NUMERICAL  STUDY 
V.Vavrycuk  and  J.Sileny 

Geophysical  Institute,  Acad.  Sci.  Czech  Rep.,  w@ig.cas.cz/Fax:+420-2-7l76l549 

Properties  of  seismic  waves  in  anisotropic  media  and  implications  to  seismic  wave 
inversion  for  determination  of  focal  mechanism  arc  studied.  The  study  comprises  an 
inversion  with  P  waves  only,  and  with  P  and  S  waves  together.  By  numerical 
modelling  we  quantify  errors  induced  by  using  an  incorrect  structure  model.  In 
particular,  we  concentrate  on  errors  induced  by  using  an  isotropic  model  instead  of  a 
true  anisotropic  one.  We  evaluate  a  range  of  anisotropy  for  which  effects  of  anisotropy 
in  focal  determination  are  negligible.  We  discuss  limits  of  applicability  of  standard 
inversion  techniques  for  region  where  weak  anisotropy  is  present,  which  is  a  quite 
common  situation  in  many  areas. 


CORRELATION  OF  ANOMALOUSLY  HIGH  b-VALUES  WITH  MAG¬ 
MATIC  ACTIVITY 

Stelhn  Wiemer'  and  Max  Wvss~ 

'Seismology  &  Volcanology  Res.  Dept.,  Meteorol.  Res.  Inst.,  Nagamine,  Tsukuba 
305,  Japan,  stefan@mri-jma.go.jp  ’  Geophys.  Inst.,  Univ,  of  Alaska  Fairbanks,  AK, 
USA.,  max@giseis.alaska.edu. 

By  mapping  the  b-value  of  the  frequency-magnitude  relationship  in  three-dimensional 
grids  with  node  spacing  of  less  than  a  kilometer,  we  show  that  about  80%  of  the  seis- 
mically  active  volumes  under  volcanoes  show  normal  b-values  (bSI).  The  rest  is  oc¬ 
cupied  by  small  volumes  (rs  I  km)of  anomalously  high  b-values  (b>l,3).  This  means 
that  the  average  earthquake  size  in  the  anomalous  volumes  is  clearly  smaller  than  in 
the  normal  crust.  This  can  be  explained  either  by  greater  heterogeneity  or  lower  ef¬ 
fective  stress  in  the  anomalous  volumes.  The  volumes  with  anomalously  short  crack 
size  (high  b)  correlate  with  the  location  of  magma  chambers  at  the  following  volca¬ 
noes  investigated  so  far:  Mount  St.  Helens.  Mount  Spurt,  off-Ito  volcano  and  Long 
Valley  caldera.  In  two  locations,  pronounced  increases  of  b-values  from  0.8  to  >1.3  as 
a  function  of  time  with  progressing  intrusions  could  be  documented  In  volumes  of 
about  5  km  radius.  The  simplest  explanation  of  this  observation  is  to  u.ssume  that  an 
increase  in  pore  fluid  pressure  took  place,  because  the  alternative,  an  increase  in  frac¬ 
turing  (heterogeneity),  should  not  be.a  unique  occurrence  in  a  volcano  that  has  existed 
for  thousands  of  years,  and  the  affected  volume  seems  too  large.  We  conclude  that 
detailed  mapping  of  b-values  can  aid  in  defining  active  magma  bodies. 
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SPACE-flMrPATTERSS  OF  SEISMICITY  AND  STRESS-STRAIN 
PARAMETERS  AT  MT.  ETNA,  SICILY:  VOLCANIC  AND  TECTONIC 
IMPLICATIONS 

G.  Barberi*.  0.  Cocina'.  G.  Neri*.  E.  Privitera^.  S.  Spampinato" 

•  Istituto  di  Scienze  della  Terra.  Messina  University,  geororunv@imeuniv.unime.it; 
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The  local  shear-earthquakes  recorded  at  Mount  Etna  between  1990  and  1996  have 
been  analvzed  for  hypocenter  locations  and  lault-plane  solutions.  Related  stress  and 
strain  parameters  were  then  computed  by  the  Gephart-Forsyth  and  Kostrov 
algorithms,  respectively.  Sp.ace-time  patterns  of  seismicity,  seismogenic  stress  and 
seismic  strain  over  the  whole  period  investigated  (which  includes  two  notable 
eruptive  phases  in  1991-93  and  1995-96)  have  been  analyzed  jointly  with  ground 
deformation,  uravimetric.  and  geologic  Information  available.  The  findings  lead  us, 
to  believe  that  seismicity  located  in  the  upper  crust  beneath  the  volcano  is  mostly ; 
associated  with  east-west  magma  hydraulic  pumping  in  ca.  north-south-oriented 
uprise  structures,  and  closely  relates  to  inflation  phases  of'  the  volcano  preceding 
eruptive  episodes.  It  is  nothewony  that  volcano  deflation  revealed  by  geodimetric 
and  tilt  data  dtiring  the  1991-1993  major  eruption  was  not  accompanied  by  any 
sienificant  shear-type  shallow  earthquake.  In  the  inlemiediate  and  lower  crust  1 10- 
3U  Kmi  beneath  the  volcano,  the  regional-scale  tectonic  compression,  related  to  the^ 
.At'rica-Europe  north-south  slow  convergence,  appears  to  be  dominant  in  terms  of 
stress-strain  effects.  Finally,  some  analogies  between  the  results  of  the  present  study 
and  the  findings  of  similar  investigations  performed  in  other  areas  are  discussed. 


TR.ANSFER  STRICTURES  AND  VOLCANIC  ACTIVITY  ALONG  THE 
TYRRHEM.AN  M.ARGIN  of  CENTRAL  IT.ALY 

V  Acocella.  R.  Futiiciello  &  F.  Salvini 

Dipartimento  Scienze  Gcologiche  Roma  Tre.  acocella(Suniroma3.it 

The  Tyrrhenian  margin  of  the  central  Italian  peninsula  has  been  characterized  by 
Plio-Quatemary  e.stension,  mainly  occurred  through  KW-SE  normal  faults,  offset  by 
coeval  NE-SW  normal  and  oblique  transfer  faults.  A  sequence  of  Plio-Quatemary 
volcanoes  developed  along  the  margin,  in  correspondence  with  NE-SW  structures, 
suggesting  a  systematic  relationship.  The  largest  central  volcanoes,  often  showing 
caldera-like  depressions,  are  related  to  wide-spaced  NE-SW  faults.  At  the 
intersection  among  NW-SE  and  wide-spaced  NE-SW  systems,  extensional  stresses 
focus,  thinning  the  crust  and  enhancing  the  rise  of  magma.  Conversely,  smaller 
districts  (Amiata.  Tolfa.  Ceriti,  Emici)  only  display  fissural  eruptions,  connected  to 
narrow-spaced  NE-SW  transfer  systems.  In  order  to  study  the  relationship  between 
narrow-spaced  transfer  systems  and  fissural  volcanism,  analogue  and  numerical 
modelling  have  been  performed:  Analogue  sand-box  models  in  extensional  domains 
.simulated  the  development  of  vertical  transfer  faults  linking  offset  normal  faults 
dippina  60“.  Analoaue  models  confirm  that  NE-SW  systems  may  represent  transfer 
faults  of  NW-SE  normal  faults.  The  mechanical  model  shows  that,  due  to  the  least 
lithostatic  load,  vertical  faults  such  as  transfer  faults,  need  the  smallest  magmatic- 
pressures  to  be  penetrated.  Vertical  faults  can  moreover  be  penetrated  at  greater 
depths,  tapping  the  potentially  more  primitive  magma.  The  models  suggest  that  the 
location  and  the  staictural  setting  of  volcanoes  on  the  Tyrrhenian  margin  are  related 
to  the  presence,  spacing  and  vertical  geometry  of  NE-SW  transfer  systems. 


MODELLING  GRAVITY  VARIATIONS  CONSISTENT  WITH 
GROUND  DEFORMATION  IN  THE  CAMPI  FLEGREI 
CALDERA  (ITALY) 

M.  Bonafede  and  M  Mazzanti  (Dipartimento  di  Fisica  -  Settore 
di  Geofisica,  Universita  di  Boiogna,  Viale  Berti  Pichat  8,  40127 
Bologna.  Italy) 

The  last  two  episodes  at  Canipi  Flegrei  (1970-72  and  1932-84).  both 
characterized  by  significant  ground  uplift  and  gravity  variations, 
are  studied  employing  an  elastic  model  with  a  spherical  source  of 
(leformation  applied  to  a  stratified  half-space.  The  contributions  to 
gravity  variations  produced  by  the  displacements  of  the  surface,  tiro 
subsurface  layers,  the  relative  volume  change  and  the  deformation 
source  at  four  different  stations  (Serapeo,  Solfatara,  Bagnoli  and 
La  Pietra)  were  computed.  These  contributions  and  the  measured 
(at  the  same  stations)  gravity  residuals  were  compared,  to  draw- 
inferences  on  the  physical  processes  responsible  for  the  deformation. 
Results  show  that  an  infiation  at  constant  mass  would  produce 
gravity  residuals  much  lower  than  observed,  so  that  this  deforma¬ 
tion  mechanism  can  be  safely  ruled  out.  An  infiation  source  at 
constant  density  would  predict  gravity  residuals  compatible  with 
observations,  even  if  the  resolving  power  of  gravity  data  prevents 
accurate  assessment  of  the  density  of  the  emplaced  material.  If  the 
geothermal  system  is  assumed  to  bo  responsible  of  the  observed 
anomalies,  computed  residuals  become  compatible  with  measured 
values,  due  to  the  input  of  new  fluid  mass.  The  comparison 
between  two  stratified  models  reveals  that  gravity  anomalies  are 
not  significantly  sensitive  to  the  detailed  knowledge  of  the  density 
stratification. 


TEMPORAL  VARIATIONS  IN  GROUNDWATERS  RADON  CONTENT 
AND  GEOPHYSICAL  ACTIVITY  IN  CAMPI  FLEGREI  (SOUTHERN 
ITALY) 

R.  Avino  (1),  G.  BemnojSl,  G.  Capaldi(l)  and  R.  Pece  (1) 
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(2)  Osservatorio  Vesuviano,  Napoli  (Italy),  bcrrino@osve.unina.it  •h39-81- 
5754239 

The  Campi  Flegrei  caldera  is  an  active  volcanic  comple.x,  located  west  of  Naples, 
presently  e.xhibiting  slow  vertical  ground  movements  known  as  “bradyseism  . 
Two  uplift  phases,  each  of  1.8  m,  affected  the  area  respectively  in  1970-1972  and 
1982-1984;  both  were  followed  by  slow  subsidence. 

Vertical  ground  movements  are  accompanied  by  horizontal  displacements, 
gravity  changes,  enhanced  seismic  activity  during  the  strong  uplifts  and  by 
variations  of  geochemical  parameters  in  groundwaters,  fumaroles  and  soil 
atmospheres. 

The  present  paper  takes  into  account  the  time  series  of  radon  (Rn)  content,  pH 
and  temperature  in  groundwaters,'  ground  deformations  and  gravity  changes 
covering  the  1982-1997  period.  It  is  particularly  focused  on  the  analysis  and 
interpretation  of  data  covering  the  subsidence  phase  (1985-1997)  following  the 
crisis.  Some  almost  contemporaneous  variations  and  other  interesting  signatures 
have  been  observed  in  both  the  geophysical  and  geochemical  bclmviours.  The 
relationships  between  groundwater  features  and  geophysical  activity  have  been 
ascertained  in  order  to  define  common  sources  and  mechanisms. 


THERMO-VISCOELASTIC  MODELS  OF  THE  DEFORMATIONS 
AND  GRAVITY  CHANGES  DUE  TO  THE  MAGMATIC  BODIES 
OF  PRISMATIC  SHAPE 

L.  Brimich 

Geophysical  Institute  of  the  Slovak  Academy  of  Sciences 
■geofbrim^savba.sk/Fax:  -F421/7/375278 

The  paper  presents  theoretical  formulae  for  the  calculation  of  the  stress  and  sttmn 
tensor  components  due  to  a  source  of  heat  of  prismatic  shape  embedded  in  the  vis¬ 
coelastic  halfspace  (lithosphere)  of  the  Kelvin  type.  The  formulae  for  the  gravity 
perturbation  due  to  the  volume  dilatation  connected  with  thermo-viscoelastic  de¬ 
formations  is  derived  as  well.  Numerical  results  ate  presented  in  the  graphs  which 
show  gradual  approaching  stress  and  strain  to  the  steady  state.  The  surface  thermo¬ 
viscoelastic  stresses  ate  mainly  of  tensile  type.  Their  values  ate  well  comparable  with 
critical  stresses  required  to  cause  creep  or  fractures  of  the  surface.  The  displacement 
of  the  epicentrai  region  causes  a  pronounced  dome. 
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THEORY  AND  EXPERIMENTS  RELATED  TO  THE  SPREAD¬ 
ING  OF  SOLIDIFYING  MELTS 

M,  Bunk  and  P.  Ehrhard 
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The  plane  spreading  of  a  viscous  melt  on  a  horizontal  plate,  driven  by  grav¬ 
itational  forces,  for  isothermal  conditions  already  represents  a  problem  with 
a  free  liquid/gas  interface.  This  problem  has  been  treated  in  literature  both 
theoretically  and  experimentally.  If  the  plate  is  kept  at  a  temperature  below 
the  solidification  temperature  of  the  melt,  we  expect  solidification  of  the  melt 
in  the  proximity  of  the  plate  and,  thus,  a  second  free  interface  (solid/liquid) 
will  be  present  in  the  problem. 

Firstly,  we  discuss  a  set  of  experiments  conducted  with  both  high  and  low 
Prandtl  number  melts,  namely  Canauba  wax  and  a  low-melting  metallic  alloy. 
Secondly,  we  develop  models  for  the  theoretical  treatment  of  solidifying  spread¬ 
ing  flows  for  the  limiting  case  of  large  Peclet  numbers. 

Thirdly,  a  carefull  comparison  of  the  experimental  observations  and  the  theo¬ 
retical  results  is  conducted. 


USE  OF  EARTHQUAKES  AND  DEFORMATIONS  AS  REMOTE 
STRESS-METERS 

V.  Cayol  (1),  J.  Dieterich  (1)  and  P.  Okubo  (2) 
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We  investigate  the  relationship  between  intrusive  events,  ground  deformation, 
and  seismicity  at  Kilauea,  Hawaii.  The  beginning  of  the  1983  Kilauea  erup¬ 
tion  was  associated  with  a  2.1  meter  fissure  opening  in  the  east  rift-zone  and  a 
significant  spatially-varying  change  of  the  south-flank  seismicity.  A  general  con¬ 
stitutive  formulation  [Dieterich,  1994]  for  earthquake  occurrence  is  emploved 
to  invert  changes  of  earthquake  rates  for  Coulomb  stress  changes.  .An  indepen¬ 
dent  determination  of  the  coulomb  stress  changes  is  obtained  by  a  3D  boundary 
element  modeling  of  the  ground  surface  deformations.  In  this  model,  magma  is 
emplaced  in  a  dike-like  vertical  reservoir  coupled  with  a  freely  sliding  low-angle 
thrust  fault.  We  find  that  the  Coulomb  stresses  determined  from  seismicitv  cor¬ 
relate  with  an  eruption  process  where  a  vertical  dike  propagated  to  the  ground 
surface.  .A  dike  overpressure  of  3.MPa  is  determined  for  the  eruption.  The  com¬ 
parison  between  stresses  determined  by  these  two  methods  also  helps  defining 
the  geometry  of  the  south  flank.  This  study  demonstrates  that  the  earthquake 
rates  can  be  used  quantitatively  to  determine  stress  changes  associated  to  vol¬ 
canic  or  seismic  events.  It  also  shows  that  the  two  types  of  inversion  can  be 
used  complementarily  to  determine  the  stress  sources:  seismicity  brings  an  in¬ 
formation  from  the  inside  of  the  study  volume  whereas  deformations  give  a 
precise  information  at  the  surface. 


CRUSTAL  STRUCTURE  AND  UNREST  EPISODES  AT  THE  AL¬ 
BAN  HILLS  VOLCANO,  CENTRAL  ITALY 

C.  Chiarabba  (1),  A.  .Amato  (1)  and  P.T.  Delaney  (2) 

(1)  1st.  Naz.  Geofisica,  Rome,  Italy,  (2)  U.S.  Geol.  Survey,  Flagstaff,  .Arizona. 
chiarabbaOing7SO.ingrm.it/Fax:  [39]  6-.51860410 

The  .Alban  Hills,  a  Quaternary  volcano  lying  20  km  SE  of  Rome,  last  erupted 
19  ka  and  has  produced  about  290  km®  of  eruptive  deposits  since  .580  ka.  Mod¬ 
ern  observations  show  that  intermittent  swarm  activity  originates  primarily 
beneath  the  youngest  phreatomagmatic  craters.  Results  from  seismic  tomogra¬ 
phy  allow  identification  of  a  low-velocity  region,  perhaps  still  hot  or  partially 
molten,  more  than  6  km  beneath  the  youngest  craters  and  a  high-velocitv  re¬ 
gion,  probably  a  solidified  magma  body,  beneath  the  older  central  volcanic 
construct.  Thirty  centimeters  of  uplift  measured  by  releveling  supports  the 
contention  that  high  levels  of  seismicity  during  the  1980s  and  1990s  resulted 
from  accumulation  of  magma  beneath  these  craters.  The  volume  of  magma 
accumulation  and  the  location  and  amount  of  maximum  uplift  was  probably 
at  least  40  x  10®  m®  and  40  cm.  Older  levelings  completed  in  1891  and  1927 
suggest  earlier  episodes  of  uplift.  The  magma  chamber  beneath  the  western 
Alban  Hills  is  probably  responsible  for  much  of  the  last  200  ka  of  activity,  is 
still  receiving  intermittent  batches  of  magma,  and  is.  therefore,  continuing  to 
generate  modest  levels  of  volcanic  unrest.  Bending  of  overburden  is  the  most 
likely  cause  of  seismicity,  which  have  hypocenters  above  the  6-km-deep  top  of 
the  magma  reservoir.  In  this  view,  the  most  recent  uplift  and  seismicity  are 
probably  characteristic  and  not  precursors  of  more  intense  activity. 


AN  EMPIRICAL  GREEN  FUNCTION  APPROACH  TO  STUDY 
THE  RUPTURE  OF  FLUID-INDUCED  MICRO-EARTHQUAKES 
T.  Dahm 

Inst,  f.  Meteor,  i:  Geophysik  Uni  Frankfurt,  dahmSgeophysik.uni-frankfurt.de, 

The  inversion  method  finds  the  best  rupture  model  to  explain  directivity  ef¬ 
fects  in  P-  and  S-phases.  We  approximate  the  integral  in  the  moment  tensor 
representation  using  a  sum  over  spatial  and  temporal  centroids  radiaring  at 
times  calculated  from  the  rupture  models  tested.  The  about  40  centroids  used 
restrict  the  method  to  wavelengths  larger  that  1/6  of  the  maximal  dimension 
of  the  fault  plane.  To  ensure  an  overdetermined  inversion  problem  and  a  good 
resolution  we  estimate  only  five  source  parameters;  2  fault  dimensions,  rup¬ 
ture  duration,  source  strength  and  rupture  direction.  Two  models  are  tested; 
uniform  rupture  on  an  elliptical  fault  and  unidirectional  rupture  on  a  rectan¬ 
gular  fault.  Tension  as  well  as  shear  faults  can  be  handled.  .Additional  to  the 
separation  between  both  models  we  distinguish  between  rupture  and  auxiliary 
plane.  We  Use  the  seismograms  of  an  observed  small  event  with  similar  source 
mechanism  as  the  studied  event  as  empirical  Green  functions.  Thus  sensor  site 
effects  and  sensor  characteristics  are  unimportant. 

We  test  the  method  on  synthetic  waveforms  and  on  hydraulic  induced  micro¬ 
cracks  in  salt  recorded  with  8  piezo  sensors.  The  physical  mechanisms  leading 
to  induced  seismicity  during  hydraulic  fracture  experiments  are  expected  to  be 
similar  to  the  ones  during  magma-dike  injections  in  volcanic  areas.  The  preli¬ 
minary  results  indicate,  besides  the  small  extension  of  the  cracks  (20  -  40mm), 
that  the  rupture  velocity  is  small  compared  to  pure  tectonic  earthquakes. 


THE  BROADVES  SEISMIC  EXPERIMENT:  FIRST  RESULTS  ON 
THE  LITHOSPHERIC  STRUCTURE  BENEATH  THE  CAMPA¬ 
NIAN  REGION  AROUND  THE  VESUVIUS  VOLCANO 

P.  De  Gori  (1,4),  R.  Azzara  (1),  E.  Bertrand  (2),  P.  Capuano  (3),  C. 
Chiarabba  (1),  M.G.  Ciaccio  (I).  G.B.  Cimini  (1).  G.  de  Natale  (3),  A.  De- 
schamps  (2).  C.  Godano  (3),  J.  Taylor  (3)  and  C.  Troise  (3) 

(1)  I.VG.  Rome,  Italy,  (2)  C.NRS/U.N'S.A,  Valbonne,  France,  (3)  Osservatorio 
A'esuviano,  Napoli.  Italy.  (4)  Universita-degli  Studi  di  Pavia,  Italy. 

During  the  summers  of  1996  and  1997  two  temporary  arrays  of  broad  band 
seismic  stations  were  installed  in  the  Campanian  region  around  the  Vesuvius 
volcano.  The  aims  of  this  experiment  (BRO.ADVES)  are  to  study  the  structure 
beneath  this  sector  of  the  Southern  Italy,  and  to  analyse,  for  the  first  time  using 
broad  band  instruments,  local  seismicity.  The  results  of  this  experiment  should 
give  unique  informations  about  the  substructure  of  the  Campanian  volcanoes 
and,  more  specifically,  about  the  mechanisms  of  local  seismicity  at  Vesuvius, 
discriminating  between  volcano-tectonic  earthquakes  and  low  frequency,  fluid- 
induced  events.  Each  array  was  composed  by  7  continuously  recording  Reftek 
digital  seismic  stations,  equipped  with  3  component  broad  band  sensors  (C.VIG- 
40T:  20  s:  CMG-3T:  100  s  or  360  3).VVe  present  the  results  of  a  teleseismic  to¬ 
mographic  inversion  for  the  P-wave  velocity  structure  beneath  the  volcanic  area 
and  the  surrounding  .Apenninic  chain,  carried  out  merging  the  data  collected 
from  the  broad  band  arrays  with  the  data  recorded  by  the  Italian  Seismic  .Net¬ 
work.  Furthemore.  we  present  some  preliminary  results  on  the  Moho  geometry 
derived  by  the  application  of  the  receiver  function  technique. 


LARGE  SCALE  RESISTIVITV  I.MACI.NG  AT  .VIERAPl  VOLCANO 

S.  Friedel.  F.  Jacobs  .  University  of  Leipzig 
email:  friedel7rrz.uni-leipzig.de 
htip:''''ghp7i2.geo.uni-leipzig.de,''geosf  merapi 

Resistivity  of  geological  structures  is  mainly  controlled  by  their  porosity,  the 
resistivity  of  the  fluids  contained  in  them,  and  temperature.  Highly  porous  rocks, 
e.xtremely  dry  or  saturated  with  ionic  hydrothermal  fluids,  high  temperature  contrasts 
as  well  a.s  good  conductivity  of  alteration  minerals  make  resistivity  an  extraordinarily 
infomiative  quantity  for  structural  investigation  of  active  volcanoes.  However,  poorly 
accessible  terrain  and  poor  grounding  conditions  complicate  the  application  of 
conventional  resistivity  technology  on  volcanoes  and  require  a  special  design  of  field 
equipment,  data  enhancement,  modelling,  and  inversion  strategies.  The  paper  presents 
the  results  and  the  technology  of  a  dipole-dipole  resistivity  survey  of  nearly  3  km 
length  and  a  depth  of  investigation  of  more  than  ,800  m.  set  out  radially  alone  the  west 
flank  of  Merapi  volcano.  Indonesia,  between  1300  m  and  2000  m  above  sea  les  el. 
The  resulting  pseudosection  shows  a  2D  vertical  slice  through  the  resistivity 
distribution  reaching  through  a  high-resistivity  layer  of  unsaturated  pyroclastica  (rho 
>  1000  ohmm)  into  an  extremely  low-resistivity,  presumably  hydrothermal,  zone  { rho 
<  50  ohmm).  The  combination  of  a  robust,  portable,  light-weight  DC-transmitter 
especially  designed  for  poorly  accessible  volcanic  terrain  and  24-bit  data  receiver 
technology  (Reffek)  represent  an  efficient  method  of  data  acquisition.  Selective  signal 
stacking  and  other  signal  enhancement  procedures  allow  higher  spatial  resolution'and 
greater  depths  of  investigation.  Cross-flank  volcano  resistivity  monitoring  will  be 
discussed. 
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A  mechamcal-thermalfluid-dynamical  model 
FOR  CAMPI  FLEGREI  UNREST  EPISODES:  POSSIBLE  EVO¬ 
LUTION  TOWARDS  CRITICAL  PHENOMENA. 

F.S.  Gaeta  (1.2).  C.  Troise  (4.5).  G.  De  .Vatale.  ,  G.  Ma^trolorenzo,  .  F. 
Pingue  (4).  F.  Peluso,  D.  Cascagnolo  (1)  and  D.G.  Mua.  (2..5) 

(1)  M.ARS  Centef.  via  Comunal-i  Tav»rnola.  50144  Naples  -  Italy.  (2)  IIGB  of 
CNR.  via  G.  .Marconi  10.  8012.5  Naples  •  Italy  ,  (.2)  Institute  of  human  physiol¬ 
ogy,  II  University  of  Naples  -  Italy.,  M.i  Osservatorio  \esuviano.  via  X.  Manzoui 
249.  80l23^Napies  •  Italy  .  (-5)  Dept.  Of  Geophys.  and  Volcanol..  Federico  II 
University.  Naples  •  Italy  . 
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We  develop  a  model  for  describing  water  flow  in  a  porous  medium  under  the  ef¬ 
fect  of  thermal  and  pressure  gradients.  The  model  simulates  geothermal  systems 
in  calderas.  Given  the  boundary  conditions  and  the  fluidodynamlcal  properties 
of  the  medium,  the  model  allows  to  compute,  in  stationary  stares,  parameters 
characterising  the  flow.  i.e..  flow  velocity,  temperature  and  pressure  disrribu- 
lion.s  at  depth,  etc.  The  mode!  is  applied  to  investigate  the  effects  of  the  lor-al 
geothermal  .system  on  the  unrest  episodes  at  Cainpi  Flegrei  caldera.  Using  ex¬ 
perimentally  determined  fluidodynamic  parameters  for  the  caldera  rocks,  it  is 
shown  that  changes  of  water  flow  in  shallow  aquifers,  under  the  effect  of  a 
pressure  and/or  temperature  variations  within  of  geothermal  systent  can  be 
very  important  in  the  genesis  and  evolution  of  unrest  crises.  In  particular,  they 
can  .strongly  amplify  the  effect  of  pressure  increase  in  the  magma  chamber  on 
groun.t  uplift.  They  can  also  explain  the  lime  scales  of  evolution  of  ground 
mowments.  in  terms  of  transit  times  of  the  water  front  and  of  the  connected 
temperature  fronts  due  to  adveciive  transport  .  The  validity  of  the  approxi¬ 
mations  used  in  the  monodimension.al  model,  as  well  as  the  main  evidences  for 
dominant  convective  transport  are  discussed.  On  such  grounds  an  integrated 
inechaiiic-therrn.alfiiiid-dynamical  model  is  built,  explaining  the  C'ampi  Flegrei 
unrests. 


PHYSICAL  SOURCE  MODELS  FOR  H.4R.MOMC  TREMOR 
MHellwegll) 

(1)  Institut  f.  Geophysik,  Universitot  Stuttgart,  Germany,  e-mail:  100632.2235(5 
compuserve.com 

For  over  18  hours,  the  tremor  at  Lascar  volcano,  Chile,  was  characterized  by  a 
harmonic  spectrum  with  naaow  peaks  at  a  fundamental  freqency  of  about  0.63  Hz  and 
up  to  30  overtones  at  exact  integer  multiples.  Fluid  dynamics  offers  at  least  three 
physical  source  models  for  this  harmonic  tremor,  which  produce  repetitive, 
nonsinusoidal  wavefotms:  The  release  of  gas  through  a  very  small  outlet  (the  soda 
bottle  model),  slug  flow  in  a  narrow  conduit,  and  eddy  shedding  at  obstacles  or 
corners.  These  models  represent  different  flow  regimes,  each  with  its  own 
characteristic  range  of  Reynolds  numbers.  For  each  model  the  fundamental  frequency 
of  the  tremor  is  related  to  the  Reynolds  number  for  the  flow.  Combining  the  Reynolds 
numbers  for  each  model  with  typical  kinematic  viscosities  for  the  possible  volcanic 
fluids  -  magma,  water,  steam,  air  or  some  combination,  at  appropriate  temperatures 
and  pressures  -  provides  limits  on  such  physical  parameters  of  the  volcano  as  the 
dimensions  of  the  flow  conduit  and  the  flow  velocity  of  the  fluid  generating  the 
tremor.  AH  three  models  imply  that  the  tremor  is  generated  by  the  movement  of  steam 
or  water  near  the  surface. 


A  NEW  TYPE  OF  SULPHIDE  OlUi  DEPOSIT  IN  TUI:  ITELD  OP  IGMIMDIUTE 
VOLGAMIG  ACTIVITY  ABOVE  THE  SUSDUG  ITON  SOME 
V.  Gugushvil  i 

Institute  of  Geology.Gcorgian  Acad.of  Science  M.Aieksidze  st.l  b.9  380093 
Tbilisi, GEORGIA;  zkuteliatjtjiberiapae.gu 

It  is  well  known,  that  in  llie  ignimbrite  volcanic  activity  fields  the  Kuroko  type 
sulpliide  depo.siis  are  manifested.  The  latter  are  developed  in  extentioiral  regime  in 
island  arcs  above  aubduclion  zones  .The  deposits  occur  witluti  collapsed 
subtmnarlnc  calderas,  after  completing  of  the  cycle  of  the  ignimbrite  activity,  and 
are  related  (o  postcollapse  exuusions  of  the  ryolitic  doiitc.s.  In  the  Lesser  Caucasus, 
In  the  Bolnisi  ore  disriet  in  the  Upper  cretaceous  ignimbrite  fields,  within  collapsed 
calderas  two  signif  leant  notifenous  and  copper-pyrite  deposits  occur.  The 
geological  and  geo-chronologiciit  investigations  Ut  it.s  tts  same,  that  these  deposits 
could  not  belong  to  Kuroko  type,  because  ore  gcueratioii  processes  procureded 
before  the  ignimbrite  ejection  and  before  caldera  collapse.  The  origin  of  these  ore 
bodies  took  plase  dtiring  the  tutniesetit  stage,  when  ilie  felsic  magma  intruded  and 
fomied  magmatic  cliambers.tliai  conditioned  succeeding  ignimbrite  activity.  These 
intrustves  were  the  source  of  ore  solutions  fi.r  the  depo.tits.  W.  E.  Elstnne  (1992)  and 
l.R>lila(1992)  described  tunii.scem  ore  manifeslaiinn  nutsidc  the  caldera  borders. 
The  Madneuli  and  Tsiieli  Sopeli  depnsils  represent  the  only  tumiscent  economically 
sigTilfleant  deposits  described  witliin  caldera  .sirucinres.  Thus,  we  propose  to 
distingwish  sucit  type  of  deposit  as  Uoliusi  type  deposit. 


MAYON  VOLCANO;  PHILIPPINES; 

MODELIZATION  OF  STRESS  BALANCE 
G.  Jentzsch  (1),  C.  Kroner  (1),  0.  Haase  (2)  and  U.  Winter  (3) 
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(3)  formerly:  Institute  for  Applied  Physics,  University  of  Bonn,  Wegelerstr.  8, 
D-53U5  Bonn. 
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Mayon  volcano  is  part  of  the  Bicol  Volcanic  Chain,  a  peninsula  in  the  south¬ 
east  of  Luzon  island.  The  eruptive  history  during  this  century  shows  a  nearly 
periodic  behaviour:  The  volcano  erupted  almost  every  ten  years. 

During  the  last  two  eruptions  indications  for  tidal  triggering  of  activities  were 
found.  The  pressure  increase  in  the  vent  due  to  vesiculation  was  modelled 
assuming  a  temperature  decrease  of  2*C  per  year.  The  results  were  compared 
with  the  stress  provided  by  the  tidal  forces  (body  tides  and  ocean  tidal  loading). 
It  turns  out  that  during  a  period  of  several  days  the  small  tidal  forces  may  affect 
the  stress  balance  considerably  if  the  volcano  is  already  in  a  critical  state. 


EFFECTS  OF  STRESS  FIELDS  ON  THE  LNTRUSION  AND 
EXTRUSION  FREQUENCIES  OF  CENTRAL  VOLCANOES 

Agust  Gudmundsson 

Geological  Institute.  University  of  Bergen,  N-5007  Bergen,  Norway 
agust.gudmundsson(ggeol.uib.no 

In  rift-zone  central  volcanoes  in  Iceland,  eruptions  are  frequent 
(typically  one  every  several  hundred  years),  of  small  volume 
(normally  less  than  0. 1  km’)  and  mainly  fed  by  thin  (average  thickness 
0.5  m)  inclined  sheets.  In  the  rift  zone  outside  central  volcanoes, 
eruptions  are  rare  (typically  one  every  several  thousand  years)  but  of 
large  volume  (typically  more  than  1  km’)  and  mainly  fed  by  thick 
(average  thickness  4-5  m)  subvertical  dykes.  Boundary-element 
studies  of  magma  chambers  indicate  that  these  empirical  relations,  as 
well  as  the  formation  of  specific  central  volcanoes  in  the  rift  zone,  can 
be  e.xplained  by  the  stress  fields  around  the  chambers.  Tensile  stress 
concentration  around  the  shallow  source  chamber  of  a  central  volcano 
leads  to  the  segment  containing  the  chamber  rupturing,  and  the  central 
volcano  erupting,  much  more  frequently,  but  with  smaller  intrusive 
and  extrusive  volumes,  than  the  surrounding  parts  of  the  rift  zone. 


SLOW  ROCK  FRACTLTIE  AS  A.N  ERUPTION  PRECURSOR  AT 
SOUTRIERE  HILLS  VOLCANO,  .MONTSERRAT 

C.R.J.  Kilbum  (1),  and  B.  Voight  (2) 

(1)  Greig  Fester  Centre  for  Hazard  Research,  Department  of  Geological  Sciences, 
University  College  London,  Gower  Street,  London  WCIE  6BT,  G.B., 

(2) .  Department  of  Geosciences,  The  Pennsylvania  State  University,  503  Deike 
■Building,  University  Park,  PA  16802,  U.S.A.  c.kilbumigucl.ac.ukTet  &  Fax: 
+44-171-4193449. 

The  onset  of  magmatic  activity  at  Soufriere  Hills  volcano,  Montserrat,  was  preceded 
by  a  tenfold  increase  in  rates  of  seismic  event.  A  new  model  of  subcritical  rock 
failure  shows  that  the  increase  is  consistent  with  the  episodic  growth  of  the  feeding 
conduit  at  a  rate  controlled  by  progressive  rock  weakening.  The  preferred  weakening 
mechanism  is  stress  corrosion,  for  which  circulating  fluids  chemically  attack  the 
country  rock  and  promote  failure  at  snesses  smaller  than  the  rock's  notional  bulk 
strength.  Episodic  failure  may  result  from  heterogeneities  in  bulk  rock  resistance  or 
from  variations  in  effective  resistance  due  to  the  formation  and  failure  of  a  damage 
zone  ahead  of  the  main  feeder.  Combined  with  traditional  seismic  monitoring 
techniques,  the  results  highlight  the  potential  of  slow-cracking  models  for  improving 
eruption  forecasts. 
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NUMERICAL  MODELING  OF  MAGMA  WITHDRAWAL  FROM 
COMPOSITIONALLY  STRATIFIED  MAGMA  CHAMBERS 
G.  Macedonio  (1),  A.  Longo  (2)  and  E.  Ciatti  (2) 

(1)  CNR-Centro  Geologia  Strutturale,  Via  S. Maria,  53  1-56126  PUa  (Italy), 

(2)  Dipartimento  di  Scienze  della  Terra,  Via  S.  Maria,  53  1-56126  Pisa  (Italy). 
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Magma  withdrawal  from  a  compositionally  stratiOed  magma  chamber  is  inves¬ 
tigated  using  a  physical  model  based  on  the  mass,  momentum,  enthalpy  and 
composition  equations  for  an  incompressible  fluid  with  newtonian  rheology. 
Magma  viscosity  and  density  are  functions  of  temperature,  composition  and 
crystal  content  and  are  computed  using  the  program  melts  (Ghiorso  et  al., 
1994).  The  small  density  variations  are  accounted  for  through  the  Boussinesq 
approximation.  Equations  are  solved  in  a  two-dimensional  domain  adopting  the 
Finite  Element  Method.  The  chamber  is  initially  filled  of  two  layers  of  magma 
with  different  composition  and  temperature.  During  the  eruption,  new  magma 
enters  from  an  inlet  at  the  bottom  of  the  chamber,  while  the  resident  magma  is 
allowed  to  exit  through  a  conduit  located  at  the  top.  Different  inlet  geometries 
and  mass  flow  rates  are  investigated  in  order  to  study  magma  mixing  and  the 
temporal  variation  of  the  composition  of  the  erupted  products.  The  chamber 
dimensions  and  the  physical  properties  of  the  magnraare  prescribed  similar  to 
the  pre-eruptive  conditions  of  the  79  AD  Vesuvius  eruption. 


Comparative  study  of  pyroclastic  deposits  in  Campi  Flegrci  (Southern 
Italy):  evidences  of  recurrent  eruptive  and  depositions!  mechanisms. 

Giuseppe  MASTROLORENZO  and  Guido  D'ALESSIO 
Osservatorio  Vesuviano.  Via  Manzoni  249. 80123  Napoli  Italy. 

Email:  mastro  @  osve.  unina.it 

The  Intra-calderic  explosive  activity  of  Campi  Regrei  produced  tens  of 
mono-genetic  voloanoes.  A  comparative  analysis  of  the  most  representative 
deposits  suggests  that  the  eruptive  and  depositional  conditions  of  the  different 
deposits  were  recurrent.  Several  evidences  Indicate  a  common  explosive 
magmatic  background  of  most  deposits  types  modulated  by  different  degree 
of  interation  with  shallow  water  In  determined  the  style  of  enjption.  The 
abundance  of  fresh,  completely  veslculated  fragments  also  in 
phreatomagmatic  deposits  as  well  as  the  presence  of  different  order  of 
vesicles  and  coalescence  indicate  that  the  fragmentation  took  place  only  in 
the  very  final  stage  of  magma  ascent  and  vesiculation.  The  relations  between 
vesicle  walls  and  broken  surface  of  the  clasts  suggest  that  magmatic  and 
hydromagmatic  fragmentation  both  occurred  after  a  near  complete  magma 
vesiculation.  According  to  these  evidences  and  considerations  a  general  two 
stage  model  of  the  intracalderic,  explosive  activity  forming  the  monogenetic 
volcanoes  in  Campi  Flegrei  consists  of :  a)  rapid  magma  rise  for  high  bubble 
grovrth  rate  at  low  confinig  pressure  in  a  shallow  magma  reservoir;  b) 
continuous  or  pulsating  magma  water  Interaction  possibly  due  to  local 
decompression  or  coduit  instabilities  that  allowed  and  avoided  access  of 
water  to  the  conduit. 
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.\n  ai^alytical  model  for  rocK  dcftjnnalwn  and  fraLnirin>;  prycc.isch  due  to  nonlinear 
waves  of  temperature  and  pressure,  evolving  with  particularly  larjrc  vclociiics  in  a  fluid- 
saturated  rock  overlying  a  hypenharpial  aquifer  is  discussed  here.  As  in  recent  studies  the 
upper  fluid-saturated  liorizon  is  ct'inidcred  homojieni'yi'b.  thcrmu-eiavtic  and  isotropic  in 
a  one-Miniensional  foriiUflaUoa.Rk‘gfcfdin^  the  nonlineai'  wave  jfrncralion  mechanism,  at 
the  boundary  between  the  twn  hiVtzons.  tlic  hot  IluiJ  iVom  heUnv  is  envisaged  being 
furcec  upwards  by  a  pressure  jrrjiliijnt,  ihu-<  getieraiing  strong  pressure  and  tempeiaturc 
pcrtur^tattons.WItli  these  considcriiiittns  and  in  t^der  to  rti'.'Jcl  wave  inducefi  rock 
defontration  and  tVacnicin^  prijeussds.  wc  itssuntc  a  cunrlnimns  tcfi'peraiurc  and  pre.ssure 
dcpcriience  of  models  paratneterj  such  as  Huid  diffusiviry  and  liurd-riK;k  thermal 
dii’fuslviiy.  The  solution  we  obtainiis  a  strong  shv>ck  wave  conesiiondinx  to  nimltncar 
Iluid  tlnigratitm  meohani.sms.  ih  runienhanccd  by  the  IVaw  through  *iid  induced  features 
in  the'  horizon  overlying  the  We  ettphaaiso  that  once  such  a  process  >iAn>.  it 

may  tic  amplified,  and  al.so  trigger  explosive  crupti*ms  This  tnodcl  essentially  provities 
a  fhe<i-etical  tUoI  for  ititcrprciin.c  suih  geophysical  ct'fe-ci-s.  for  example  t«»r  calderas  such 
a.s  Raboul,  Long  Valley.  Camp'  flegrei  where  surlacc  displaccn.eitt';  and  plueatic 
eruptif  ns  have  occured. 
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Almost  15  years  ago,  the  recognition  of  the  multiphase  nature  of  many  eruptive 
processes  opened  a  new  research  field  in  volcanology.  This  approach  is  based  on 
the  extension  of  the  fundamental  Navier-Stokes  continuum  mechanics  equations 
to  a  multiphase  and  multicomponent  mixture.  According  to  this  theory,  differ¬ 
ent  phases  are  treated  as  interpenetrating  continua  and  the  mass,  momentum, 
and  energy  interpha.se  transport  terms  are  explicitly  accounted  for  in  the  con¬ 
servation  equations.  Constitutive  equations  of  the  dispersed  particulate  phases 
can  be  ba.sed  on  semi-empirical  correlations  calibrated  by  lab  e.xperiments  as 
well  as  on  the  recently  invented  concept  of  granular  temperature  deriving  from 
the  e.xtension  of  the  dense  phase  kinetic  theory  of  gases  to  particulate  flows. 
Such  a  new  variable  allows  the  description  of  critical  flow  properties,  such  a.s 
solids  pressure  and  viscosity,  in  terms  of  first  principles.  Different  types  of  ex¬ 
plosive  volcanic  events,  such  as  collapsing  columns,  pyroclastic  flows,  dome  and 
phreatic  explosions  have  been  simulated  by  multidimensional  physical  models 
based  on  the  presented  multipha.se  flow  theories.  Results  highlight  relevant  me¬ 
chanical  and  thermal  non-equilibrium  effects  between  the  different  phases  of 
the  mi.xture  that  can  affect  the  large-scale  dynamics  of  the  explosive  process. 


COSEISMIC  DISPLACEMENTS  AND  CREEPING  ALONG  THE 
PERNICANA  FAULT  (ETNA.  ITALY)  IN  THE  LAST  SEVEN¬ 
TEEN  YEARS:  A  DETAILED  STUDY  OF  A  TECTONIC  STRUC¬ 
TURE  ON  A  VOLCANO 

F.  Obrizzo.  F.  PIngue,  C-  Troise  and  G.  Do  Natale 
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The  Pernicana  fault  is  a  well  evident  tectonic  fault  located  on  .\It.  Etna  (Sicily). 
Movements  across  this  structure  have  been  monitored,  in  the  last  seventeen 
years,  by  a  levelling  network  owned  by  Osservatorio  \e3uviano,  During  the 
monitoring  period,  the  network  has  recorded  coseismic  displacements  associ¬ 
ated  to  earthquakes  of  magnitude  4  to  5,  as  well  as  displacements  not  related 
to  earthquakes.  We  present  a  detailed  study  of  the  displacement  data,  aimed  to 
model  the  geometry  and  mechanism  of  this  fault,  as  well  as  the  size  and  mech¬ 
anisms  of  individual  earthquakes.  The  total  recorded  displacements  during  the 
last  seventeen  years  are  well  interpreted  by  a  single,  homogeneous  rectangu¬ 
lar  normal  fault,  with  dislocation  and  size  corresponding  to  a  magnitude  5.7 
earthquake,  thus  revealing  an  intense  dynamics  along  such  a  fault.  The  het¬ 
erogeneous  slip  distribution  associated  to  the  two  largest  earthquakes  has  been 
also  inferred  from  coseismic  displacement  data.  Seismic  moments  of  such  earth¬ 
quakes  turn  out  to  be  considerable  higher  than  reported  in  seismic  bulletins 
(about  1  degree  of  magnitude).  The  results  obtained  here  evidence  the  high 
potential  of  levelling  data  in  the  detailed  study  of  a  rather  peculiar  kind  of 
tectonic  structure  on  a  volcano. 


NUMERICAL  MODELING  OF  MAGMA  ASCENT  ALONG  VOL¬ 
CANIC  CONDUITS 
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The  steady,  one-dimensional,  multiphase  non-equilibrium  ascent  of  magma 
along  the  volcanic  conduit  during  explosive  eruptions  is  numerically  simulated 
by  ihermofiuid  dynamic  modeling.  The  relevant  magma  properties  (gas  solu¬ 
bility,  density,  viscosity)  are  allowed  to  change  along  the  conduit  due  to  mass 
transfer  between  the  pha.ses.  and  are  calculated  on  the  basis  of  the  chamical 
composition  of  magma  in  terms  of  ten  major  oxides  plus  dissolved  volatiles  and 
of  an  equation  of  state  for  the  real  behavior  of  the  gas  phase.  The  model  ac¬ 
counts  for  the  presence  of  water  and  carbon  dioxide  exsolving  from  the  liquid, 
and  is  based  on  the  coupling  between  fluid  dynamics  and  the  most  advanced 
models  for  the  magma  properties.  Magma  fragmentation  is  assumed  to  occur 
at  either  a  critical  value  of  the  gas  volume  fraction,  or  at  a  level  in  the  conduit 
where  the  elongational  strain  rate  overcomes  the  critical  strain  rate  imposed  by 
the  magma  structural  relaxation  time.  The  model  reveals  many  features  of  the 
magma  ascent  dynamics  in  explosive  eruptions,  and  can  be  used  to  investigate 
the  role  of  the  different  parameters  involved  in  the  ascent  process,  or  to  forecast 
the  volcanic  hazard  by  defining  the  conduit  e.xit  conditions  for  a  given  set  of 
initial  (magma  chamber)  conditions. 
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PRELIMINARY  RESULTS  FROM  A  BROADBAND  SEIS\nC 
experiment  at  STROMBOLI  volcano,  ITALY. 
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During  September-October  1997  a  joint  Italy-US  team  conducted  a  large-scale 
broadband  seismic  experiment  to  investigate  the  long-period  signals  associated  with 
the  ongoing  explosive  activity  at  Stromboli  volcano,  Italy.  21  three-component,  60-s 
Guralp  CMG-40T  sensors  were  deployed  in  three  circular  patterns  surrounding  the 
active  craters  at  altitudes  of  about  100,  500  and  750  m.  During  four  separate  days  of 
data  acquisition,  we  recorded  continuosly  7  to  24-hour-long  intervals  of  volcanic 
signals,  thus  obtaining  the  most  detailed  broad-band  data  set  ever  collected  on  an 
active  volcano.  Preliminary  results  from  analyses  of  selected  waveforms  in  the  2-50 
s  period  range  show  the  existence  of  at  least  two  distinct  sources  repetitively  acting 
in  time.  Polarization  vectors  inversion  clearly  indicate  that  both  sources  are 
constrained  within  a  shallow  volume  located  N-NW  beneath  the  active  vents. 
Ground  motion  observ*ed  prior  and  during  the  summit  explosions  is  consistent  with 
an  inflation  followed  by  a  rapid  deflation  of  the  shallow  plumbing  system.  Future 
goals  to  be  attained  include  Green's  functions  calculation  using  a  3-D  finite 
difrerence  approach  and  inversion  of  waveforms  for  moment  tensor  analysis. 


A  NEW  PRESSURE  VESSEL  FOR  MAGMA-  AND  R0CK-H20 
INTERACTION  STUDIES 
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A  already  recognized  on  volcanoes,  water  under  pressure  coming  in  contact  with 
magma  bodies  or  hot  rocks  may  interact  explosively  originating  phreatomag- 
maticor  phreatic  eruptions  if  somel>oundary  conditions  between  the  two  media 
are  present.  Because  of  experimental  difficulties,  preceeding  studies  have  been 
mainly  directed  to  reproduce  the  natural  processes  and  products  using  arti¬ 
ficial  analogues  without  much  reference  to  P,T,Xi,  and  gases  real  conditions. 
Therefore  it  has  been  designed  and  realized  an  experimental  apparatus  able  to 
perform  interaction  experimenisup  to  Pmax  of  200  Mpa  and  Tmax  of  12000 
using  natural  rocksof  known  compositions.  The  interaction  cell  is  contained 
within  a  two  liters  IHPV'  (internally  heated  pressure  vessel)  and  is  equipped 
with  a  membrane  allwing  volume  variations  due  to  H20  liquid-vapor  transi¬ 
tion.  The  sample,  in  forni  of  a  rock  cylinder  20x60mm,  is  confined  by  a  Pt 
crucible  inside  the  cell  and  injected  via  a  Pt  capillary  tube  of  H20  with  known 
quantity  and  pressure.  The  pressure  differenzial  between  the  inside  and  the  out¬ 
side  of  the  cell  can  be  also  controlled:!. e.  lowering  of  the  cell  outside  pressure 
can  trigger  the  explosive  magma-water  interaction.  Experiments  are  in  progress 
on  magma-H20  interaction  processes  at  Vulcano  Is.  And  on  liquid-vapor  H20 
transition  controlling  bradisisma  in  Campi  Flegrei  area. 
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We  propose  a  3D  mode!  describing  a  channeled  lava  flow  in  the  proximity  of  the 
eruption  vent.  We  describe  the  lava  as  an  isothermal  Newtonian  liquid  flowing  in  a  i 
rectangular  channel  down  a  constant  slope.  The  flow  velocit)'  is  calculated  by  an 
analytical  steady-state  solution  of  the  Navier-Stokes  equation.  The  surface  velocity  I 
and  the  flow  rate  are  calculated  as  a  functions  of  the  flow  thickness  for  different  now- 
widths  and  the  results  are  compared  with  those  of  a  2D  model:  it  appears,  for  a  typical 
Etna’s  lava  flow’,  that  the  influence  of  the  levees  on  the  flow  dynamics  is  not  negligible 
when  the  flow  width  is  less  than  25  meters.  The  model  predicts  the  volume  flow  rate 
corresponding  to  the  surface  velocity  taking  into  account  that  both  depend  on  the  flow 
thickness.  We  propose  a  model  for  the  evaluation  of  the  effusion  rate  by  knowing  the 
lava  flow  width,  the  slope  of  the  topography,  the  lava  density,  the  surface  flow 
velocity  and  either  the  lava  viscosity  or  the  fiow  thickness. 


STRESS  CHANGES  ASSOCIATED  WITH  VOLCANIC 
SOURCES:  AN  EXAMPLE  FROM  KILAUEA  RIFT  ERUP¬ 
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The  dynamics  of  volcanic  sources  involves  high  strain  and  stress  changes  in  the 
host  rocks.  Strong  perturbations  to  the  local  stress  regime  are  then  produced, 
which  can  attain  much  larger  values  than  the  regional  stress  field.  .Modeling  of 
such  perturbations  can  be  hence  of  fundamental  importance  to  interpret  the 
evolution  of  volcanic  unrests  and.  in  particular,  the  seismicity  generated  during 
unrest  episodes.  In  this  work,  an  analytical  method,  based  on  the  formulas  by 
Okada  (1992)  is  developed  to  simulate  strain  and  stress  changes  associated 
to  dynamics  of  volcanic  sources  such  as:  magma  chamber  overpressure,  dike 
and  rift  opening.  Magma  chamber  overpressure  is  simulated  by  isotropic  point 
S(>urces.  dike  and  rift  opening  is  simulated  by  rectangular,  finite  faults  with 
dislocation  normal  to  the  fault  plane.  In  order  to  study  the  influence  of  volcanic 
sources  on  the  earthquake  generation.  Coulomb  stress  changes  are  computed  for 
sever.M  sources  of  different  depth  and  geometry.  Such  changes  can  be  computed 
both  on  fixed  fault  plane  orientation  and  on  the  optimally  oriented  planes, 
d'^fined  as  the  planes  with  maximum  total  Coulomb  stress,  regional  plus  local. 
The  obtained  results  give  insight  on  the  expected  locations  and  mechanisms 
of  seismicity  associated  to  volcanic  sources.  .\n  example  of  application  of  the 
metho<l  to  the  study  of  the  seisntioity  of  the  Sou^h  flank  of  Kilauea  is  presented. 
Re.suli.s  show  that  such  seismicity,  an-l  the  seaward  movement  of  the  southern 
fl.ank.  can  be  interpreted  in  terni.s  of  stres-s  changes  associated  with  north- 
e.usrerii  rift  intrusions  and  eruptions, 


Seismic  ictit4ty  at  the  Solfatara  crater  (Campi  Flegrei  caldera)  shows 
different  sources  mixing  of  fumarolic  fluids  and  possible  parameters  to 
forecast  the  occurrence  of  new  eartbqu  akes. 
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Here  we  describe  temporal  variations  of  noble  gas  and  carbon  Isotopes  and  chemical 
data  of  fluids  coUea^  from  1990  to  1994  at  the  Bocca  Grande  fomarole  (Solfatara 
crater),  before  the  occurrence  of  a  seismic  swarm.  Afrer  more  than  sestn  years  of 
quiescence:  a  sudden  vertical  ground  deformation  and  a  seismic  swnrm  of  100  quakes 
with  a  Mmax»1.5  with  epicenter  located  beneath  the  Solfatara  crater,  were  recorded 
from  August  23  to  25  1994.  Isotopic  composition  of  He,  Ne.  At  and  C  ([from  C02)  and 
chemical  composition  of  He,  Ne,  Ar,  li2.  CH4  and  N2  liavc  been  anah'sed  from 
frunarolic  fluids.  To  date  these  isotopic  ratios  have  not  been  used  as  precursors  of 
earthquakes,  although  several  cases  have  been  reported  in  which  helium  isotopic  ratio 
was  used  to  interpret  volcanic  unrest  All  tlic  analy-sed  isotopic  ratios,  chemical  species 

^dateS  ^Anum  tempewure  "shw  a  significani  change  a  fov”  monfe 
the  occmrence  of  the  seismic  activitj-  and  ground  deformation,  followed  b%'  a 
Wdden  l^ra  to  \-aIaes  rceordod  prior  the  swarm.  Migration  towards  the  surface'  of 
(and  wtter)  gas  phase  related  to  crustal  and  magmatic  soiuces  with  the  following 
decrease  of  the  sutficial  atmospheric  component  is  the  cause  of  such  wide  variations. 
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AT  THE  LONG  DISTANCE  1500  KM 
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During  September  18-19,  1993,  RIPR.  St.-Petersburg  and  NIRFI,  N.Novgorod, 
Russia  performed  the  first  measurements  of  artificial  ULF  signals  in  the  fre¬ 
quency  range  1-5  Hz  at  the  distance  of  1500  km  between  transmitter  and  re¬ 
ceiver.  The  ULF  Facility,  located  at  the  Kola  peninsula,  near  Murmansk,  Rus¬ 
sia  was  consisted  of  55-km  powerline  with  radiation  current  of  150  A  and  was 
grounded  at  both  ends.  The  operating  frequencies  were  1.3,  2.6  and  5.2  Hz  (20 
min  “on”, 10  min  ’’off')  during  each  of  three  2-hour  cycles  a  day.  evening  and 
early  morning  conditions.  The  receiving  site  was  located  near  N.Novgorod  and 
provided  the  measurements  of  two  Hs-s  (H)  and  He-w  (D)  magnetic  compo¬ 
nents.  The  observed  magnetic  field  strengths  and  magnetic  vector  polarizations 
were  found  to  be  in  line  with  the  simple  waveguide-cavity  theory  predictions 
for  daytime  conditions  and  to  be  in  a  dramatic  discrepancy  for  nighttime  ones. 
The  measured  distinctions  can  be  explained  by  a  significant  influence  of  an 
additional  portion  of  the  magnetic  signal  ducted  into  MHD-ionospheric  waveg¬ 
uide  and  by  ionospheric  resonance  properties  (Ionospheric  Alfven  Resonator) 
above  transmitter  and  receiver. 


FINITE  ELECTRON  MASS  IN  MAGNITOHYDRODYNAMIC 
THEORY.  STRONGLY  NONLINEAR  PERIODIC  WAVES  AND 
SOLITON. 

I.M.Aleshin^  G.N.Aleshina^,  V.I.Trukhin^ 

^Moscow  State  University 

^United  Institute  of  the  Physics  of  the  Earth 

e-mail:  ima'-Sdelta.phys.msu.su 

Starting  from  the  multi  fluid  hydrodynamic  approximation  we  have  got 
the  generalazation  of  Ohm’s  Law  in  usual  magnitohydrodynamic  (MGD) 
theory.  MGD  approximationit  is  well  known  to  be  valid  only  for  low  fre¬ 
quency  perturbation,  i.e.  that  frequency  should  be  much  less  ion  hyrofre- 
quency  u-’g,'.  Our  equations  take  Into  account  both  Holl  effect  and  the  finite 
value  of  electron  mass.  It  is  allow  us  to  describe  all  low  frequency  spec¬ 
tra  (a;  <  u-’Bfl)  in  2-component  low  density  {^Se  <  plasma.  We  have 
got  also  an  exact  solution  of  generalized  MGD  equations.  There  are  the 
waves  (periodic  and  soliton-like)  traveling  perpendicular  to  external  mag¬ 
netic  field.  VVe  have  calculated  maximum  amplitude  of  magnetic  field  for 
that  wave.  The  nature  of  the  wave  dispersion  is  essential  electro-magnetic, 
because  plasma  is  localy  quazineutral  for  any  wave  amplitude. 


FIRST  EVIDENCE  OF  SPECTRAL  RESONANCE  STRUCTURE 
(SRS)  OF  ULF  BACKGROUND  ELECTROMAGNETIC  NOISES 
AT  THE  POLAR  REGION. 

P.P.Belyaev  (1),  V.Yu.Trakhtengerts  (2),  S.V. Isaev  (1),  J.Kangas  (3)  and 
T.Bosinger  (3) 

(1)  Radiophysical  Research  Institute  (NIRFI),  Russia  ,  (2)  Applied  Physics 
Institute  of  RAS,  Russia  ,  (3)  University  of  Oulu,  Finland  . 
belyaevOnirfi.sci-nnov.ru/Fax:  [+007]  8312  369  902 

.A  high-sensitive,  two  component  induction  magnetometer  has  been  used  for 
measurements  of  natural  electromagnetic  noise  in  the  frequency  range  0.1  -  10 
Hz.  Observations  were  carried  out  at  the  receiving  site  Kilpisjarvi  (L  s=  6)  dur¬ 
ing  the  1-st  Finnish  EISCAT-Heating  Campaign  in  November,  1993.  We  have 
examined  the  average  magnetic  spectra  for  four  magnetic  polarizations  (linear. 
N-S  and  E-W,  and  circular,  R  and  L)  with  spectral  resolution  of  O.I  Hz  and 
time  resolution  of  15  min.  During  at  least  four  out  of  twelve  nights  covered 
by  measurements,  clear  evidence  of  Spectral  Resonance  Structure  (SRS)  was 
obtained  in  the  magnetic  spectra.  The  SRS  is  appeared  in  a  deep  sinuousform 
modulation  of  noise  spectral  amplitude  along  the  frequency  axis  with  3-4  spec¬ 
tral  maxima  and  distance  between  ones,  varied  over  period  of  measurements 
from  0.5  to  1.5  Hz.  The  temporal  variations  of  SRS  pattern  differed  from  those 
of  midlatitude  ones,  as  observed  near  N.Novgorod,  Russia  but  were  in  a  good 
accordance  with  EISCAT  measurements  of  electron  density  in  the  F-layer  of 
ionosphere. 


EXPERIMENTAL  INVESTIGATIONS  OF  THE  IONOSPHERIC 
ALFVEN  RESONATOR  FROM  ELECTROMAGNETIC  NOIS 
BACKGROUND  OVER  THE  SOLAR  CYCLE  OF  1985-1995 

P.P.Belyaev  (1),  S.V. Polyakov  (1),  E.N. Ermakova  (1)  and  S.V. Isaev  (1) 

(1)  Radiophysical  Research  Institute  (NIRFI).  25/14  B. Pecherskaya  st..  603600 
N.Novgorod.  Russia.. 

belyaevCnirfi.sci-nnov.ru/Fax:  [+007]  8312  369  902 

Ba.sed  on  long-term  observation  of  the  resonance  structure  in  the  magnetic  field 
spectrum  (RSS),  recorded  in  the  frequency  range  of  0,1-10  Hz  over  one  complete 
solar  cycle  (11  years),  it  was  found,  that  the  resonance  conditions  for  the  .\lfven 
waves  in  the  ionosphere  (ionospheric  Alfven  resonator)  are  determined  by  the 
level  of  the  solar  activity.  RSS  are  regulary  observed  in  years  of  minimum 
solar  activity,  and  are  practically  absent  in  years  of  maximum  solar  activity. 
These  experiments  were  performed  during  1985-1995.  It  was  shown  thereby, 
that  the  consideration  of  the  ionospheric  Alfven  resonator  will  allow  to  explain 
the  dependence  of  the  RSS  on  the  solar  activity. 


ELECTROMAGNETIC  REMOTE  SOUNDING  OF  RESONANCE 
PROPERTIES  OF  POLAR  IONOSPHERE  IN  THE  ULF  FRE¬ 
QUENCY  RANGE  0.1  -  5  HZ  WITH  USING  OF  HF  POWERFULL 
HEATING  FACILITY. 

P.P.Belyaev  (1),  J.Kangas  (2).  T.Bosinger  (2),  V.Yu.Trakhtengerts  (3). 
S.V.Isaev  (1)  and  M.Rietveld  (4) 

(1)  Radiophysical  Research  Institute  (NIRFI).  25/14  B.Pecherskayast.,  603600 
N.Novgorod,  Russia,  (2)  University  of  Oulu.  FIN-90570  Oulu,  Finland,  (3)  Ap¬ 
plied  Physics  Institute  of  R.AS,  16,  Ulyanova  st..  603000  N.Novgorod,  Rus.sia. 
(4)  EISC.\T  Scientific  Association,  N-9027  Ramfjordbotn,  Norway. 
belyaevCnirfi.sci-nnov.ru/Fax:  [+007]  8312  369  902 

.Measurements  of  ULF  (0.1-5  Hz)  artificial  signals  excited  in  lower  ionosphere 
by  amplitude  modulated  HF  (4-6  MHz)  radiation  from  ’’Tromse*’  heating  Fa¬ 
cility  were  performed  by  joint  Russian-Finland  scientific  team  during  the  l-st 
Finnish  EISC.AT-Heating  Campaign  in  November,  15-19,  1993.  .\t  the  receiv¬ 
ing  site  ’'Kilpisjarvr(100  kn\  from  Facility),  four  magnetic  field  polarizations 
were  available  in  measurements  -  two  linear  and  two  circular  ones.  Clear  sin¬ 
uousform  amplitude-frequency  responce  of  signals  was  detected.  The  distance 
between  two  neiboring  amplitude  maxima  or  minima  along  frequency  axis  var¬ 
ied  from  0.5  to  1.5  Hz  with  dependence  on  daytime  conditions  of  e.xperlmental 
cycles.  This  resonance  frequency  pattern  was  more  visible  for  artificial  signals 
(derived  by  coherent  integration)  then  the  e.xhibition  of  Spectral  Resonance 
Structure  of  background  magnetic  noises,  derived  from  averaged  noise  spectra 
in  the  same  time  and  which  is  discussed  in  accompanied  communication. 
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INFLUENCE  OF  PLASMA  DENSITY  FLUCTUATIONS  ON 
PLASMA-BEAM  INTERACTION 

Buts  A.  V.,  V.  A.  Chatskaya,  O,  F.  Tvrfiov 
Kharkiv  University,  Kharkiv,  Ukraine 
E-mail:  abuts@bigfoot.com 

It  is  investigated  the  instability  of  the  beam  that  moves  in  plasma 
with  the  density  which  stochastically  varies  in  space  or  time, 

The  dynamics  of  any  order  of  moments  is  studied  when  the  plasma 
density  changes  in  space  or  time.  It  is  shown  that  every  sequential 
moment  grows  faster  than  the  previous  one.  The  increment  of  the 
second  moment  exceeds  the  increment  of  the  regular  part  of  the  signal 
more  than  two  times.  The  result  of  this  dependence  of  increment  is 
punctuate  character  of  instability  growth  and  the  appearance  of  some 
critical  length  of  interaction  area  where  the  amplification  of  the  regular 
signal  is  possible  yet.  The  maximum  time  what  need  for  signal 
destroying  by  fluctuations  is  calculated. 


CHORUS  EMISSIONS  PRODUCED  BY  A  BACKWARD  WAVE 
OSCILLATOR  IN  THE  MAGNETOSPHERIC  CYCLOTRON 
MASER 

A.  G.  Demekhov  (1),  V.  Y.  Trakhtengerts  (1)  and  D.  Nunn  (2) 

(1)  Institute  of  Applied  Physics,  46  Ulyanov  st.,  603600  Nizhny  Novgorod,  Rus¬ 
sia,  (2)  Dept,  of  Electronics  and  Computer  Science,  University  of  Southampton, 
Southampton  S09  5NTI  England. 
andreieappl.sci-niiov.ru/Fax:  4-7  8312  36  2061 

The  inOuence  of  the  inhomogeneous  geomagnetic  field  on  the  backward  wave  os¬ 
cillator  generation  regime  in  the  magnetospheric  cyclotron  maser  is  considered. 
This  regime  is  due  to  the  absolute  instability  of  a  quasimonochromatic  whistler 
wave  in  the  near-equatorial  region  of  the  Earth’s  magnetosphere  caused  by  en¬ 
ergetic  electrons  with  a  step-like  deformation  of  the  distribution  function  in 
parallel  velocity.  Such  a  deformation  is  formed  due  to  the  quasi-linear  interac¬ 
tions  of  energetic  electrons  with  noise-like  emissions  having  an  upper  frequency 
cutoff.  In  this  paper,  it  is  proven  that  the  absolute  instability  leading  to  the 
backward  wave  oscillator  generation  regime  can  be  achieved  for  magnetospheric 
conditions.  For  this,  the  linearized  self-consistent  equations  for  the  wave  ampli¬ 
tude  and  energetic  electron  resonant  current  in  a  parabolic  external  magnetic 
field  are  solved.  The  spatial  profile  of  a' whistler  mode  wave  formed  due  to 
cyclotron  resonant  interactions  is  determined;  threshold  parameters  for  the  ab¬ 
solute  instability  are  obtained.  The  implications  for  chorus  generation  in  the 
magnetosphere  are  discussed. 


RECENT  DEVELOPMENTS  IN  THE  CHARACTERIZATION  OF 
NONLINEAR  WAVE  PHENOMENA  IN  SPACE  PLASMAS 


PARAMETRIC  DECAY  OF  ELECTROMAGNETIC  PUMP  WAVE 
IN  TWO-DIMENSIONAL  INHOMOGENEOUS  PLASMA 
N.  Boi-isov  (1),  F.  Slubbe  (1)  and  L.  Gorbunov  (2) 

(1)  Ma.K-Planck  In.slilut  fiir  Aeroiirnnii-.  KatlenbiiiK-Mndau,  Germany, 

(2)  P.N. Lebedev  Physical  Institute.  Moscow.  Russia. 
borisovOlinaxl  .mpae.gHdg.de/Fax:  [■'l!)]-.6-').’i6-979-l  1 8 

Due  to  the  action  of  strong  IlF  electromagnetic  waves  arlilicial  plasma  irreg- 
iilarities  appear  in  the  ionosphere,  which  have  an  indnence  on  various  nonlin¬ 
ear  effects.  e.g.  stimulated  electromagnetic  emission  (SKF).  Different  processes 
including  decay  instabilities  are  respotisible  for  the  peculiarities  of  the  broad- 
hand  spectrum  of  the  SEE.  Lip  to  now  decay  iiislabilitics  in  relation  with  SEE 
were  discu.ssed  neglecting  longitudinal  iuhoniogeneily  ol  tin-  tnedinm  and  wave 
propagation  along  the  magnetic  field  line.  These  two  lacttns  may  redrn-e  con¬ 
siderably  the  wave  interaction.  We  consider  the  clecay  instability  of  the  EM 
pump  wave  into  upper  hybrid  (Ull)  anti  lower  hybrid  {I.ID  waves  as  a  first  step 
in  the  creation  of  the  downshifted  maximum  (D.\l)  in  tin-  .SEE.  In  disfincliou 
from  previous  papers  tlie  case  when  I'll  waves  are  tiapped  in  weak  pla.sma 
enchatn-ements  alotlg  the  magnetic  field  line  is  iiivestigatt-d.  It  is  shown  that 
transversal  inhomogeneity  of  the  ntedimn  is  also  very  important  and  sliotdd 
he  taken  into  account.  The  linear  stage  of  instability  is  analysed  and  the  fre- 
rpiency  ratige  of  the  excited  Ufl  waves  is  found,  ft  is  shown  that  such  spectrum 
is  similiar  to  the  spectrum  of  DM  in  SEE. 


ON  THE  PEDERSEN  CURRENT  CARRIED  BY  ELECTRONS 
S.  C.  Buchert  and  S.  Salto 

Solar-Terrestrial  Environment  Laboratory,  Nagoya  University,  Chikusa-ku, 
Nagoya  464-0814,  JAPAN. 

scb«stelab.nagoya-u.ac.  jp/Fax:  [81]  52  789  4311 

.According  to  text  books  the  Pedersen  current  is  carried  by  ions  and  has  a  ma.x- 
imumflow  around  an  altitude  of  125  km.  When  the  perpendicular  electric  field 
in  the  ionosphere  gets  sufficiently  large,  then  the  Hall  current  at  heights  around 
108  km  becomes  unstable.  The  excited  plasma  waves  reflect  VHF  radio  waves 
leading  to  the  so-called  radio  aurora.  Farley  (1963)  and  Buneman  (1963)  first 
treated  the  linear  theory  of  this  current  instability.  From  observations  using 
incoherent  scatter  radars  it  is  also  known  that  during  such  strong  electric  field 
events  the  electrons  in  the  E  region  get  heated  and  a  substantially  enhanced 
temperature  is  maintained  against  the  relatively  intense  cooling  processes  in 
the  atmosphere.  In  this  talk  we  show,  that  then,  as  the  conservation  of  en¬ 
ergy  implies,  the  wave-electron  interaction  in  the  quasi-linear  stage  must  lead 
to  a  Pedersen  current  carried  by  electrons.  Both,  the  heating  and  deflection 
of  the  electron  drift  vector  from  the  ExB  direction  limit  a  further  growth  of 
the  waves.  Using  EISCAT  observations  and  models  for  the  cooling  processes, 
we  estimate  the  electron  Pedersen  current  to  amount  to  about  20  percent  of 
the  ion  Pedersen  current  once  the  instability  threshold  is  exceeded.  The  iono¬ 
spheric  instability  mechanism  considered  by  us  might  play  a  triggering  role 
for  the  excitation  of  other  instabilities  and  reconfiguration  in  the  ionosphere- 
magnetosphere  coupling. 


DYNAMICAL  RAY  FOCUSING  IN  INHOMOGENEOUS 
PLASMA 

V.A.  Buts,  V.A.  Chatskaya,  O.F.  Tvmov 
Kharkiv  State  University,  Kharkiv,  Ukraine 
E-mail:  abuts@bigfoot.com 

Ray  dynamics  is  investigated  by  Hamiltonian  mechanics  method. 
For  certain  values  of  the  parameters  of  smooth  and  periodic 
inhomogeneities,  it  is  possible  a  dynamical  ray  focusing. 

It  has  been  determined  the  conditions  on  which  rays  oscillate 
around  the  position  of  the  synchronous  ray,  and  there  takes  place  a 
dynamical  ray  focusing. 

The  focusing  caused  by  a  periodic  inhomogeneity  is  similar  to  the 
secondary  resonance  in  the  resonance  theory  of  perturbation  in 
Hamiltonian  systems.  On  certain  conditions,  there  may  take  place  an 
overlap  of  the  regions  corresponding  to  nonlinear  resonances  in  the 
phase  space,  and  this  results  in  spatial  fluctuations  of  rays  becoming 
chaotic. 


T.  Dudok  de  Wit 

Centre  de  Physique  Theorique,  CNRS  and  Universite  de  Provence,  Luminy  case 
907,  F-13238  Marseille  cedex  9,  France. 
ddwit«cpt . univ-mrs . f r 

Progress  in  understanding  nonlinear  phenomena  in  space  plasmas  is  intimately 
related  to  our  capacity  of  characterizing  such  phenomena  by  means  of  physically 
relevant  concepts.  During  the  last  decade,  many  developments  in  that  field  have 
shown  that  it  is  still  open  to  considerable  progress.  Some  of  these  novel  concepts 
are  reviewed  here. . 

The  emphasis  is  put  on  a  series  of  concepts  that  are  intimately  related  :  topo¬ 
logical  properties  (scaling  laws,  self-similarity),  complexity  (hierarchical  struc¬ 
tures)  and  self-organisation  (coherent  structures).  Through  a  review  of  recent 
results  obtained  in  space  plasmas,  the  inference  of  these  properties  from  exper¬ 
imental  data  and  their  relevance  (or  irrelevance)  for  the  study  wave  phenomena 
will  be  discussed. 
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A  DYNAMICAL  STUDY  OF  INDUCED  SCATTERING 
B.  Lefebvre  and  V.  Krasnosel’skikh 

Laboratoire  de  Physique  et  Chimie  de  I’Environnement,  45071  Orleans,  France. 
lefebvreCcnrs-orleans.fr/Fax:  [33]  238  631  234 

VVe  investigate  dynamical  properties  of  a  simple  model  of  electrostatic  wave- 
.  wave  interaction  in  the  induced  scattering  limit  (case  of  an  isothermal  plasma), 
without  making  use  of  the  random  phase  approximation  (Zakharov,  V.E., 
Musher,  S.L.  and  Rubenchik,  A.M.,  Sov.  Phys,  JETP  42(1),  80-86  (197.5)). 


PULSATING  AURORAS  AND  THEIR  CONNECTION  WITH  VLF 
EMISSIONS  OBSERVED  IN  NORTHERN  FINLAND 

R.  Manninen  III.  K.  Kaila(I).  A.Oikarinen  (l)andJ.  Manninen(2) 

(1)  Univeisit)’  of  Oulu,  Dept,  of  Physical  Sciences.  Finland.  (2)  Sodankyla 
Geophysical  Obseivatoiy.  Finland 
Reijo.Manninen@oulu.fi  /  Fax  +358-8-5331287 

Pulsating  aurora  is  a  substorm  recovery  phase  phenomenon  and  is  mainly  seen  on 
the  morning  side  of  the  auroral  oval.  The  pulsating  precipitation  of  the  aurora] 
electrons  is  a  consequence  of  wave-particle  interactions  in  the  magnetosphere  close 
to  the  equatorial  plane.  These  wave-particle  interactions  between  whistler-mode  VLF 
waves  and  magnetospheric  electrons  lead  to  a  pitch  angle  diffusion  of  the  electrons 
and  this  can  lead  to  precipitation  of  the  elecuons  into  the  ionosphere.  This  pulsating 
precipitation  is  then  seen  ^s  auroral  intensity  pulsations.  Models  of  pulsating  aurora 
are  based  on  the  cyclotron  instability  of  trapped  particles. 

Simultaneous  auroral  and  VLF  measurements  have  been  made  during  EISCAT  and 
VLF  campaings  in  NorthernFinland  every  winter  since  1990.  Auroral  recordings  ate 
made  using  a  low-light-level  TV  camera,  VLF  signals  (200  Hz  -  9.2  kHz]  detected 
by  two  loop  antennas  are  recorded  on  audio  tracks  of  the  same  video  tape  as  auroral 
measurements.  TV  recordings  are  analyzed  by  digitizing  them  and  VLF  recoidings 
are  analyzed  by  an  analysis  package  developed  at  the  SodartkylS  Geophysical  Obser¬ 
vatory.  The  measurements  presented  here  wete  made  at  PorojSrvi  (69. 1 7'N.  21 .47’E) 
in  1993.  1997  and  at  Kalkkoaivi  (68.73°N.  22.11’£)in  1994  Here  we  present  some 
results  of  the  connection  between  pulsating  auroral  patches  and  VLF  emissions. 


ON  PARTICLE  ACCELERATION  BY  LOWER  HYBRID 
TURBULENCE 

DURING  IONOSPHERIC  MODIFICATION  EXPER¬ 
IMENTS 

E.  Mishin  and  T.  Hagfors 

Max-Planck-Institut  fur  Aeronomie,  Katlenburg-Lindau,  Germany 
mishin@linaxl. mpae.gvvdg.de/Fax:  -f 49-5556-979240 

The  acceleration  of  ions  and  electrons  by  lower  hybrid  turbulence 
is  widely  used  for  the  interpretation  of  particle  spectra  in  space 
and  laboratory  plasmas.  On  the  other  hand,  excitation  of  the  lower 
hybrid  turbulence  appears  to  be  a  necessary  element  of  the  gen¬ 
eration  mechanism  of  the  outshifted  plasma  lines  and  stimulated 
electromagnetic  emission,  observed  during  the  injection  of  intense 
HF  radiowaves  into  the  ionosphere.  It  is  the  aim  of  our  paper  to 
define  the  parameters  of  the  accelerated  electron  and  ion  spectra 
characteristic  of  the  ionospheric  modification  experiments  in  the 
polar  ionosphere. 


ON  THE  NONLINEAR  TRIGGERING  OF  VLF  EMISSIONS  BY 
POWER  LINE  HARMONIC  RADIATION 

D.Nuun  (1),  l.Manninen  (2),  T.Turunen  (2),  V.Trakhtengerts  (3)  and  N.Erokhln  (4) 
(1)  Southampton  University.  UK.  (2)  Sodankyla  Geophysical  Observatory,  Finland. 
(3)  lAP.  Nizhni  Novgorod.  Russia.  (4)  SRI,  Moscow,  Russia 
jytki.Manninen®sgo.fi /Fax +358-16-619875  ' 

The  Jan  1993  VLF  campaign  by  Sodankyla  Geophysical  Observatory  at  Porojarvi  in 
Northern  Finland  has  produced  a  remarkable  data  set  of  VLF  emissions.  The  data  Is 
characterised  by  a  high  incidence  of  power  line  harmonics,  and  also  by  frequent 
echoing  of  events  up  to  si.x  times.  The  PLHR  lines  are  identified  as  being  due  to  the 
Finnish  power  system,  since  the  dominant  lines  occurat  f=50'(12n±l)Hz.  There  is 
clear  evidence  that  these  PLHR  lines  penetrate  the  magnetosphere  and  trigger  VLF 
emissions  in  the  equatorial  zone  A  wide  variety  of  emission  forms  arc  noted, 
namely  steep  multiple  risers,  upward  and  downward  hooks.  In  this  paper  we 
numerically  simulate  emissions  triggered  at  2950.  3650  and4150  Hz.  The  code  is  a 
ID  EM  code  using  the  V'lasov  Hybrid  Simulation  technique  (VHS).  It  a.ssumes 
parallel  propagation  and  a  hot  anistfopic  electron  distribution  function  giving  linear 
growth  rates  -60  dB/s.  The  code  has  a  bandwidth  -50  Hz,  and  permits  linear  spatial 
variations  of  w  avenumber  Making  plausible  choices  for  L  shell  and  equatorial  cold 
plasma  density,  successful  simulations  have  been  made  of  PLHR  triggered  risers, 
fallers  and  upward  hooks.  Simulated  sweep  rates  -1  kHz/s  were  in  very  good 
agreement  with  the  data.  The  simulations  also  revealed  key  aspects  of  the 
phenomenon  of  triggered  VLF  emissions.  When  the  equatorial  linear  growth  rate 
exceedsa  threshold 50  dB/s  the  plasma  becomes  nonlinearly  absolutely  unstable.  At 
the  end  of  the  linear  growth  phase,  a  stable  nonlinear  structure  term^  a  generation 
region  (GR)  is  set  op.  Risers  and  fallers  have  different  di.stinct  GR  structures,  and 
hooks  result  when  GR  type  changes.  Interestingly  the  basic  physics  of  VLF 
emissions  is  almost  the  same,  wether  one  is  at  I.=3. 4',  5.  6  or  10. 


MODULATIONAL  INTERACTION  OF  LOWER-HYBRID 
WAVES  AND  FORMATION  OF  COHERENT  STRUCTU¬ 
RES  IN  THE  MAGNETOSPHERE 

S.  I.  Popel 

Institute  for  Dynamics  of  Geospheres,  Leninsky  pr.  38,  Building  6, 
117979  Moscow,  Russia.  E-mail:  popel®td.lpi.ac.ru 

A  universal  nonlinear  formalism  is  presented  for  the  description  of  the 
dynamics  of  random  and  regular  lower-hybrid  fields.  This  formalism 
allows  us  to  obtain  the  integral  equations  describing  the  modulational 
instability  of  spectra  of  lower-hybrid  waves,  find  the  rates  and  thresh¬ 
olds  of  the  instability.  It  is  shown  that  the  appearance  of  the  instability 
thresholds  is  possible  only  for  the  spectra  which  occupy  the  whole  region 
in  the  wave  vector  space  where  the  waves  can  exist.  The  instability  is 
investigated  in  detail  for  the  parameters  of  the  waves  and  the  magneto- 
spheric  plasma  inherent  in  the  conditions  of  the  observations  carried  out 
by  the  satellite  Freja.  It  is  shown  that  the  coherent  field  formation  and, 
correspondingly,  the  formation  of  the  state  of  strong  turbulence  in  the 
magnetospheric  plasma  is  connected  with  the  development  of  the  modu¬ 
lational  processes.  In  particular,  the  magnitudes  of  the  threshold  density 
of  the  lower-hybrid  fields,  which  characterize  the  process  of  excitation 
of  regular  fields  in  the  Earth’s  magnetosphere  and  have  been  observed 
by  the  satellite  Freja,  are  explained  by  considering  the  thresholds  of  the 
modulational  instability. 


MAGNETOSHEATH’S  MODEL  IN  THE  CGL  APPROXIMATION 
M.  I.  Pudovkin  (Institute  of  Physics,  St.  Petersburg  State  University,  St.  Pe¬ 
tersburg,  Russia  198904) 

B.  P.  Besser  (Space  Research  Institute,  Austrian  Academy  of  Sciences,  A- 
8010  Graz,  Austria) 

V.  V.  Lebedeva  and  S.  A.  Zaitseva  (Institute  of  Physics,  St.  Petersburg  State 
University,  St.  Petersburg,  Russia  198904) 

Parameters  of  the  solar  wind  plasma  and  magnetic  field  in  the  magnetosheath 
in  dependence  on  the  IMF  orientation  are  calculated  for  an  anisotropic  plasma 
in  the  UlGL-approximation.  There  is  shown  that  for  given  parameters  of  the 
solar  wind,  the  temperature  anisotropy  of  the  magnetosheath  plasma  results 
ill  a  decrease  of  the  magnetic  field  intensity  and  of  the  plasma  density  at  the 
magnetopause,  especially  for  a  southward  IMF.  Influence  of  the  pitch-angle 
dilTusion  of  protons  on  the  magnetosheath  parameters  is  discussed. 
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DEMODULATION  OF  HF  RADIO  TRANSMITTER  SIGNALS  BY 
THE  POLAR  ELECTROJET 

M.  J-  Rycroft  (1),  A.  G.  Demekhov  (2),  V.  Y.  Trakhtengerts  (2),  J.  Manni- 
nen  (3)  and  T.  Turunen  (3) 

(1)  International  Space  University,  Parc  d’Innovation,  Boulevard  Gonthier 
d’Andernach,  67400  Illkirch,  Prance,  (2)  Institute  of  Applied  Physics,  46 
Ulyanov  st.,  603600  Nizhny  Novgorod,  Russia,  (3)  Sodankyla  Geophysical  Ob¬ 
servatory,  Sodankyla,  Finland, 
rycrof tdisu . isunet . edu 

The  ionospheric  demodulation  of  modulated  signals  from  HF  broadcasting 
transmitters  by  the  polar  electrojet  is  considered.  The  main  effect  is  caused 
by  the  formation  of  an  ionospheric  travelling  wave  antenna.  This  antenna  ra¬ 
diates  demodulated  ELF/VLF  waves  in  two  directions,  one  of  which  coincides 
with  the  line  connecting  the  broadcasting  transmitter  with  the  ELF/VLF  re¬ 
ceiver,  and  the  other  is  the  mirror  image  of  this  line  relative  to  the  direction 
of  the  ionospheric  current.  In  this  paper,  attention  is  paid  to  the  demodula¬ 
tion  effects  from  the  curved  and  non-stationary  electrojet.  It  is  shown  that  the 
curvature  and  temF>oral  variations  of  the  polar  electrojet  can  lead  to  focus¬ 
ing  or  defocusing  of  the  demodulated  ELF/VLF  signal,  causing  fast  variations 
of  its  amplitude  and  polarisation.  Quantitative  estimates  of  these  effects  are 
presented. 


THE  ROLE  OF  THE  ELECTRON-TO-ION  TEMPERATURE  RA¬ 
TIO  AND  TRANSIENT  ELECTRONS  IN  THE  LINEAR  STABIL¬ 
ITY  OF  THE  QUASI-NEUTRAL  SHEET  TEARING  MODE 
M.  I.  Sitnov  (1)  and  H.  V.  Malova  (2) 

(1)  Institute  of  Nuclear  Physics,  119899  Moscow,  Russia,  (2)  Institute  of  Nu¬ 
clear  Physics,  119899  Moscow,  Russia. 
stnQdecl.npi.msu.su/Fax:  7[095]  939  3553 

The  linear  stability  of  the  tearing  mode  in  the  magnetotail  current  sheet  with 
nonzero  normal  component  of  the  equilibrium  magnetic  field  first  obtained 
by  Lembege  and  Pellat  [1982]  considered  the  electrons  to  be  trapped  in  the 
current  sheet.  The  sufficient  stability  criterion  severely  limits  tearing  instability, 
interpreted  as  due  to  electron  compressibility.  The  electron  population  in  the 
current  sheet  however  consists  of  trapped  as  well  as  transient  populations.  The 
integral  equation  for  the  perturbed  electron  densi  ty  including  both  trapped 
and  transient  populations  is  obtained  within  the  drift  kinetic  approximation. 
It  is  shown  that  due  to  the  transient  population  the  electrostatic  contribution 
to  the  flux  tube  integrated  electron  density  does  not  vanish,  but  dominates  at 
sulficieniiy  small  electron  temperature.  The  formation  of  the  plateau  in  the  local 
density  profile  along  the  field  line  at  sufficiently  small  T^fTi  is  demonstrated  and 
a  new  sufficient  criterion  of  stability  is  obtained.  As  compared  to  the  original 
criterion  of  Lembege  and  Pellat  [1982]  the  stability  condition  is  reduced  by  a 
factor  of  Thus  marginal  stability  state  may  be  reached  for  sufficiently 

cold  electrons  as  noted  earlier  by  Schindler  [1974]. 


SPRITE  EFFECTS  ON  THE  IONOSPHERE 

A,I.  Sukhorukov  and  P.  Stubbe  (Max-Planck-Institut  fur  Aeronoraie, 
D-37191  Katlenburg-Lindau,  Germany) 

Sprites  and  Elves  are  brief  luminous  flashes,  occurring  over  mesoscale  invec¬ 
tive  systems  at  altitudes  of  about  50  -  90  km  and  preceded  by  strong  tropo¬ 
spheric  discharges.  Their  mechanisms  eure  believed  to  be  the  direct  heating  of 
free  electrons  up  to  a  few  eV  and  the  breakdown  of  the  atmosphere  (at  heights 
where  the  density  is  sufficiently  low)  due  to  the  large  electromagnetic  and 
quasi-electrostatic  fields,  or/and  the  runaway  breakdown  initiated  by  cosmic 
ra>'s.  These  strongly  nonlinear  processes  are  associated  with  a  large  transient 
current  and  convert  a  part  of  the  LF  -  HF  energy,  as  well  as  a  part  of  the  elec¬ 
trostatic  energy  of  the  tropospheric  discharge,  into  the  energy  of  the  transient 
ULF  -  ELF  radiation  {Sukhorukov  et  a/.,  GRL  23,  2911,  1996;  Svkhorukov  and 
Stuhhe,  GRL  24, 829, 1997;  GRL  24, 1639, 1997).  The  energy  conversion  results 
in  an  unusually  effective  excitation  of  a  number  of  the  large-scale  electromag¬ 
netic  resonance  phenomena  in  the  Earth  environment,  such  as  the  Schumann 
resonances  and  the  transversal  resonances  of  the  Earth-ionosphere  cavity,  and 
the  Alfven  resonances  in  the  upper  ionosphere.  A  review  of  these  and  of  a  num¬ 
ber  of  other  Sprite-related  nonlinear  phenomena  in  the  ionosphere,  already 
discovered  or  predicted,  will  be  given. 


LINEAR  AND  NONLINEAR  PROPERTIES  OF  ALFVEN  WAVES 
IN  PLASMAS  CONTAINING  HIGHLY  CHARGED  IMPURITIES 
OR  DUST 

S.V.  Vladimirov  and  N.F.  Cramer 

School  of  Physics,  The  University  of  Sydney  NSW  2006,  Australia. 
S.Viadiniirovfflphysics.usyd, edu.au/Fax:  [61]  2  9351  7726 

Processes  in  dusty  plasmas  are  being  studied  intensively  because  of  their  im¬ 
portance  for  a  number  of  applications,  in  particular  in  plasmas  of  the  Earth’s 
environment. 

The  dust  affects  plasma  collective  properties  in  many  ways.  The  simplest  ef. 
fects  are  due  to  the  charged  dust  grains  carrying  a  proportion  of  the  negative 
charge  of  the  plasma.  Even  if  this  proportion  is  quite  small  and  the  dust  dy¬ 
namics  is  ignored,  it  can  have  a  large  effect  on  propagation  of  some  waves  (e.g., 
hydromagnetic  Alfvdn  waves  at  frequencies  below  the  ion-cyclotron  frequency). 
We  consider  dispersion  characteristics  of  low  frequency  electromagnetic  waves 
propagating  in  a  magnetized  plasma  with  immobile  dust  grains  and  finite  elec¬ 
tron  temperature.  Modification  of  the  Alfven  resonance  absorption  mechanism 
due  to  the  presence  of  the  dust  is  discussed.  Nonlinear  effects  in  propagation 
of  Alfven  waves  parallel  to  the  external  magnetic  field  are  considered,  and  sur¬ 
face  Alfven  waves  are  discussed.  .Mso,  formation  of  shocks  in  dusty  plasmas  is 
examined. 


COLLECTIVE  CHARGING  PROCESSES  IN  DUSTY  PLASMAS 
S.V.  Vladimirov 

School  of  Physics,  The  University  of  Sydney  NSW  2006,  Australia. 

S. VladimirovOphysics.usyd.edu.au/Fax:  [61]  2  9351  7726 

Processes  in  dusty  plasmas  are  being  studied  intensively  because  of  their  im¬ 
portance  for  a  number  of  applications,  in  particular  in  plasmas  of  the  Earth’s 
environment. 

The  dust  grain  charge  is  mostly  determined  by  plasma  currents.  We  focus 
our  attention  here  on  this  charging  machanism,  and  consider  its  influence  on 
plasma  waves.  The  main  difference  of  dust  particles  from  heavy  ions  is  that 
the  dust  charge  is  not  fixed.  Thus  plasma  collective  perturbations  lead  to  dust 
charge  fluctuations  which  in  turn  affect  the  plasma  waves.  Physical  processes 
with  frequencies  of  order  or  less  than  the  dust  charging  frequency  are  strongly 
affected  by  the  dust  charge  fluctuations.  The  kinetic  theory  of  a  dusty  plasma 
taking  into  account  the  dust  charge  perturbations  is  discussed. 


NONLINEAR  INTERACTION  OF  WHISTLER  WAVES  WITH  A 
MODULATED  THIN  ELECTRON  BEAM 

A.S.  Volokitin  (1)  and  C.  Kraffl  (2) 

(1)  Institute  of  Terrestrial  Magnetism,  Ionosphere  and  Radiowave  Propagation, 
Academy  of  Sciences,  Moscow 

(2)  Laboratoire  de  Physique  des  Gaz  et  des  Plasmas,  Centre  National  de  la 
Recherche  Scientifique,  Universite  Paris-Sud,  Orsay 
Catherine.Krafflf^Ipgp.u-psud.fr/Fax:  33-1-01  69  15  78  44 

The  nonlinear  theory  of  a  thin  modulated  electron  beam  interaction  with  a 
monochromatic  whistler  wave  is  considered.  The  self-consistent  set  of 
differential  equations  describing  the  wave  amplitude  evolution  and  the  beam 
particles  motion  has  been  solved  by  a  computer  code.  We  discuss  here  the  results 
issued  from  the  numerical  solution  of  the  differential  system,  and  namely  the 
physical  features  of  the  nonlinear  beam-wave  interaction  (trapping,  slowing 
down  of  the  beam,  wave  damping,  multiple  bunching,  beam  focusing)  as  well  as 
the  influence  of  the  physical  parameters  on  the  wave  emission:  beam  energy  and 
density,  initial  beam  velocity  distribution  and  beam  current  modulation.  We  have 
shown  that  the  trapped  particles  are  the  source  of  the  emission;  they  are 
decelerated  in  phase  with  the  wave  and  remain  in  Cherenkov  resonance  with  it 
owing  to  a  nonlinear  shift  of  the  parallel  wave  number.  No  quasi-periodic 
exchange  of  energy  between  the  wave  and  the  particles  has  been  observed. 
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Self-affine  fractal  dynamics  of  the  activities  of  the  Sun  and  magnetosphere  of  the 
Earth 

O.D.Zotov  Observatory  Borok  IPhE,  152742  Borok,  Yaroslavl,  Nekouz, Russia) 

At  the  analysis  of  dynamics  of  solar  (international  SunSpot  Number  -  SSN  and 
SOLAR  RADIO  FLUX  10.7  sm  -  SRF)  and  geomagnetic  (Ap-  and  Dst-indexes) 
activities  (everywhere  -  daily  average  meanings  for  the  period  with  I960  for  1996 
years)  within  the  framework  of  the  concept  of  the  stochastic  fractals  with  the  methods 
of  the  Hurst  (H)  and  calculations  of  fractal  dimension  on  a  covering  it  is  shown,  that 
chaotic  dynamics  of  all  indexes  (without  periodic  components  of  22-year^s  cycle)  - 
self-affine  stochastic  fractals;  H(SSN)=0.74,  H(SRF)=0.82,  H(Ap)=0.63,  H(Dst)=0.80. 
Are  considered  the  fractal  dimensions  and  statistics  of  distribution  of  characteristic 
time’s  intervals  for  all  processes.  Is  shown  the  dynamics  of  dimensions  in  a  cycle  of 
solar  activity.  Fractal  properties  of  SSN  correlate  with  fractal  properties  Ap,  and  SRF 
correlates  with  Dst.  Statistics  of  time's  intervals  various  for  all  indexes.  Is  shown  that 
the  minimum  by  derivative  from  dynamics  of  yearly  average  meanings  of  SSN 
corresponds  to  a  maximum  of  fractal  dimension  of  geomagnetic  activiQr  and  vice 
versa.  Generation  chaotic  components  on  the  Sun  are  not  connected  to  generation 
periodic  components  of  solar  activity.  Periodic  component  of  activity  of  the  Sun 
influences  on  chaotic  dynamics  of  geomagnetic  activity.  Annual  dynamics  of  fractal 
dimensions  of  SSN  (SRF)  in  dynamics  of  geomagnetic  activity  is  not  observed. 
Annual  dynamics  of  fractal  dimension  Ap  correlates  with  dynamics  of  yearly  average 
meanings  Ap,  but  for  SSN,  SRF  and  Dst  such  correlation  is  not  observed.  Marked  by 
Hurst  the  fact,  that  the  nature  chooses  H  t  0.7  in  global  situations,  finds  the 
confirmation  in  indexes  of  the  activity  of  the  Earth  and  Sun. 


NP5  Vortex  dynamics 

Conveners:  Dritschel,  D.G.;  Zeitlin,  V. 


REGULAR  FORMATION  OF  EDDIES  IN  THE  INTERMEDIATE 
LAYER 

H.  Aiki  and  T.  Yamagata 

Dept,  of  Earth  &  Planetary  Physics,  The  Univ,  of  Tokyo,  Tokyo  113,  Japan. 
aikiOoceanB.geoph.a.u-tokyo.ac.  jp/Fax:  [4-81]  3  3818  3247 

The  response  of  a  2.5  layer  ocean  model  to  localized  injection  of  intermediate 
water  on  a  beta-plane  is  studied  in  detail.  The  work  is  motivated  by  the  recent 
finding  of  less  saline  submesoscale  coherent  vortices  at  the  intermediate  depth 
near  the  North  Pacific  Subarctic  Front.  Numerical  experiments  have  demon¬ 
strated  that  three  dynamical  regimes  exist.  When  the  injection  rate  is  small, 
linear  baroclinic  long  Rossby  waves  are  excited  as  expected.  Increasing  the  rate 
leads  to  shedding  of  weakly  nonlinear  vortices.  When  the  rate  is  increased  up 
to  1.0  X  10®m®s”^,  however,  anticyclonic  lenses  of  the  intermediate  water  are 
shed  regularly.  Those  lenses  travel  westward  with  a  speed  several  times  faster 
than  the  linear  long  Rossby  wave  speed.  It  is  shown  that  the  westward  speed 
is  much  influenced  by  the  anticyclonic  vortex  motion  generated  in  the  surface 
layer.  Inclusion  of  the  surface  layer  effect  explains  the  lens  propagation  quite 
well. 


VORTEX  STATISTICS  IN  TWO-DIMENSIONAL  TURBULENCE 

A.  Bracco,  G.  Murante,  A.  Provenzale 
(Istituto  di  Cosroogeof isica,  Torino,  Italy} 

J.  C.  McWilliams 

(Dept.  Atmospheric  Sciences,  UCL.A,  Los  Angeles,  USA) 
J.  B.  Weiss 

(PAOS,  University  of  Colorado,  Boulder,  USA) 


We  discuss  the  statistics  of  the  vortex  population 
and  the  time  dependence  of  the  statistical  quantities 
in  numerical  simulations  of  freely  decaying  2D 
turbulence  with  resolution  4096*4096  grid  points. 


ROSSBY  WAVE  DYNAMICS  ON  SMOOTH  CIRCULAR  VOR¬ 
TICES:  THEORY  AND  APPLICATION  TO  THE  POLAR  VOR¬ 
TEX 

G.  Brunet  (1)  and  M.  Montgomery  (2) 

(1)  Meteorological  Research  Branch,  Environment  Canada,  2121  Trans-Canada 
Highway,  5th  Floor,  Dorval,  Quebec,  CANADA  H9P  1J3,  (2)  Colorado  State 
University,  Fort-Collins,  Colarado,  USA  . 

Building  on  recent  work  that  developed  a  theory  for  vortex  waves,  this  work 
goes  still  further  by  developing  a  complete  theory  of  the  linear  initial-value 
problem  for  vortex  Rossby  waves  on  both  the  f-plane  and  the  beta-plane  in 
the  vicinity  of  the  pole.  The  theory  is  restricted  to  circular  basic  state  vortices 
possessing  an  extrema  in  the  tangential  wind.  New  conservation  laws  are  devel¬ 
oped  which  give  exact  time  evolving  bounds  for  disturbance  kinetic  energy.  In 
general,  initial  disturbances  are  shown  excite  two  regions  of  maximum  wave  ac¬ 
tivity.  At  the  extrema  of  these  barotropic  stable  wind  profiles  and  for  a  certain 
range  of  wavenumbers,  the  vortex  Rossby  dynamics  are  shown  to  become  fun¬ 
damentally  nonlinear  for  all  initial  conditions.  As  a  concrete  example,  we  show 
that  wavenumber  1  and  2  disturbances  in  the  continuous  spectrum  develop 
a  nonlinear  evolution  for  realistic  polar-night  stratospheric-jet  configurations. 
Numerical  simulations  of  a  perturbed  polar  vortex  are  presented  to  illustrate 
the  linear  and  nonlinear  wave  dynamics  for  this  class  of  swirl  profiles  and  the 
results  are  compared  to  atmospheric  observations. 
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EROSION  OF  A  DISTRIBUTED  VORTEX  BY  A  GROWING 
SHEAR 

P.  Calllol  (1),  B.  Legras  (1)  and  David  G.  Dritschel  (2) 

(1)  Laboratoire  de  Meteorologie  Dynamique  du  CNRS,  24  rue  Lhomond,  75231 
Paris  Cedex  05,  France,  (2)  Department  of  Applied  Mathematics  and  Theoret¬ 
ical  Physics,  Cambridge  University,  Silver  Street,  CB39EW  Cambridge  ,  UK. 
We  present  a  theoretical  study  of  the  process  of  vortex  erosion  under  a  grow¬ 
ing  uniform  strain  flow  which  is  relevant  to  many  geophysical  situations.  The 
vortex  is  deformed  and  progressively  torn  apart  into  thin  filaments  expelled  in 
the  embedded  fluid.  The  steepness  of  this  process  is  clearly  influenced  by  the 
vorticity  profile  and  by  the  straining  rate.  We  first  discuss  the  particular  case 
of  a  uniform  vortex  and  compare  it  with  the  erosion  of  a  distributed  vortex 
which  is  treated  analytically  within  the  approximation  of  the  elliptical  model. 
The  role  of  the  fllaments  during  the  final  breaking  is  exhibited  by  a  comparison 
with  contour  dynamics.  By  adding  a  viscous  dissipation,  even  in  the  case  of  a 
constant  subcritical  strain,  the  erosion  occurs  through  a  diffusive  flux  across 
the  separatrice  and  by  enhanced  internal  decay  until  the  vortex  reaches  the 
breaking  point.  This  effect  can  be  cast  within  the  simple  framework  of  the 
elliptical  model.  This  theory  is  compared  to  numerical  experiments. 


TRIPOLAR  VORTICES  IN  STRATIFIED  GEOSTROPHIC  FLOWS 

X.  Carton  and  S.  Correard  (SHOM/CMO,  Brest,  France) 

We  investigate  the  formation  of  baroclinic  tripoles  in  stratified  geostropbic 
flows.  Isolated,  circular  and  surface-intensified  vortices  can  be  prone  to  both 
barotropic  and  baroclinic  instabilities,  depending  on  their  potential  vorticity 
distribution,  which  can  be  continuous  or  piecewise-constant.  For  strong  insta¬ 
bilities,  vortex  breaking  produces  either  horizontal  or  vertical  dipoles,  whereas 
for  weaker  instabilities,  various  stationary  baroclinic  tripoles  are  formed,  surface- 
intensified  or  arch-shaped.  Rotating  steady  states  are  then  searched  both  for 
the  piecewise-constant  vorticity  tripoles  (by  iterative  methods)  and  for  the  con¬ 
tinuous  vorticity  tripoles  (by  vorticity-streamfunction  scatter  plots).  Finally, 
the  stability  of  these  baroclinic  tripoles  is  tested  by  displacing  the  satellites: 
these  vortices  are  indeed  robust.  On  the  beta-plane  however,  the  permanent 
anisotropy  forced  by  the  planetary  vorticity  on  the  tripole  results  in  asym¬ 
metric  breaking  and  in  the  disappearance  of  both  satellites.  We  also  show 
that  baroclinic  tripoles  can  result  from  the  alignment  of  asymmetric  hetons; 
these  steady  tripoles  form  a  third  type  which  is  not  surface-intensified,  nor 
arch-shaped.  Baroclinic  tripoles  therefore  seem  to  be  important  new  vortex 
structures  of  which  more  examples  should  be  searched  in  geophysical  flows. 


SYSTEMATIC  DRIFT  EXPERIENCED  BY  A  POINT  VORTEX 
IN  2D  TURBULENCE 
P.H  Chavanis  (1,2) 

(1)  Istituto  di  Cosmogeoflsica,  Corso  Fiume  4,  10133  Torino,  Italia,  (2)  Ecole 
Normale  Superieure  de  Lyon,  46  Alice  d’ltalie,  69364  Lyon,  France  . 
chavanisOicg .  to .  inf n .  it/Fax:  0039116604056 

Using  a  linear  response  theory,  we  show  that  a  point  vortex  in  2D  turbulence 
experiences  a  systematic  driR  normal  to  its  mean  field  velocity.  Taking  this 
result  into  account,  we  derive  a  Fokker-Planck  equation  for  the  time  evolu¬ 
tion  of  its  distribution  function  and  make  the  link  with  a  Maximum  Entropy 
Production  Principle.  Owing  to  the  fluctuation-dissipation  theorem  (and  via 
an  Einstein-like  formula),  this  approach  allows  us  to  determine  explidtely  the 
value  of  the  diffusion  coefflcient  (which  is  not  given  by  the  M.E.P.P).  We  also 
discuss  the  analogy  with  stellar  systems:  in  particular,  the  systematic  drift  of 
the  vortex  is  the  counterpart  of  the  dynamical  friction  experienced  by  a  star 
due  to  close  encounters. 


Upscale  energy  transfer  in  gu^i-two-dimensional 
turbulence  with  bottom  friction 

S.  Danilov.  F.V.  Dolzhanskii  (1) 

(1)  Institute  of  Atmospheric  Physics,  3  Pyzhevsky  per.,  109017  Moscow, 
Russia 

<lanilov@omega.ifaran.ru 

We  present  results  of  numerical  integration  of  quasi-2D  turbulence  in  a 
2D-flow  with  bottom  friction.  As  is  well-known,  bottom  friction  intro- 
<luces  a  limiting  scale  at  which  the  inverse  transfer  of  energy  is  arrested. 
This  scale  is  a  function  of  the  Reynolds  number  Rex  based  on  the  bot¬ 
tom  friction.  We  analyse  energy  spectra  and  show  that  this  limiting 
scrde  behaves  like  Re®,  where  a  sa  0.4.  Upscale  energy  cascade  rate 
is  not  constant  in  the  energy  range  since  bottom  friction  dissipates  all 
scales  equally.  Nevertheless  the  spectral  slope  of  energy  is  close  to  -5/3 
as  one  would  expect  in  the  case  of  constant  energy  transfer  rate.  The 
presence  of  bottom  friction  at  all  scales  also  leads  to  low  values  of  kurto- 
sis  of  vorticity  field.  It  is  close  to  a  value  of  3  charsicteristic  of  a  random 
Gaussian  field. 


Lateral  spreading  of  strip-shaped  convective  re¬ 
gion  as  derived  from  a  two-layer  heton  model 

S.  Danilov  (1),  V.  Gryanik  (1,2),  D.  Olbers  (2) 

(1)  Institute  of  Atmospheric  Physics,  3  Pyzhevsky  per.,  109017  Moscow, 
Russia,  (2)  Alfred- Wegener  Institute  for  Polar  and  Marine  Research,  Am 
Handelshafen  12,  25570  Bremerhaven,  Germany 
danilov@omega.ifaran.ru 

A  2-layet  model  of  singular  geostrophic  vortices  is  applied  to  simulate  the 
spreading  stage  of  deep  ocean  convection  for  a  stn^shaped  convecting 
chimney.  We  investigate  the  equilibration  of  potential  density  anomaly 
within  the  convecting  area.  The  potential  density  anomaly  and  the  equi¬ 
libration  time  are  found  to  obey  simple  scaling  suggested  by  Legg  et. 
al.,  J.  Phys.  Oceanogr.,  26,  2251-2266,  (199^.  The  proportionality 
factor  in  the  parameterization  of  lateral  fluxes  of  potentiiil  density  turns 
out  to  be  sensitive  to  the  geometry  of  the  region  and  the  layer  struc¬ 
ture.  The  horizontal  spreading  of  the  potential  density  anomaly  shows 
uasi-linear  dependence  on  time  at  moderate  values  of  surface  buoyancy 
ux.  This  behavior  can  be  attributed  to  the  formation  of  heton  clusters 
that  move  out  of  the  cooling  area.  The  finear  stability  problem  is  ana¬ 
lyzed  for  a  homogeneous  two-layer  heton-like  strip  of  potential  vorticity 
anomaly.  It  predicts  the  scale  of  most  unstable  wave  as  a  function  of 
layer  thicknesses  and  gives  an  estimate  for  the  linear  instability  time  for 
the  time-dependent  basic  flow. 


DYNAMICS  OF  POINT- VORTEX  STRUCTURES  IN 
A  TIME-DEPENDENT  COASTAL  (RIVER)  2D-FLOW 

T.  DawaT,  V.  Pavlov  (Laboratoire  de  Mecanique  de  Lille,  URA- 
CNRS  1441,  59655  Villeneuve  d’Ascq  FRANCE) 


We  discuss  the  influence  of  a  time-dependent  flow  on  the  be¬ 
haviour  of  vortex  structures  in  a  river  channel.  Several  aspects  of  a 
similar  problem  have  been  studied  by  Goncharov  and  Pavlov  (1997, 
Ann.  Geophys.,  15,  Sup  II,  C597):  the  vortex  pairs  behaviour  in 
the  presence  of  a  source  of  (xinstant  potency  located  at  rivers  mouth 
has  been  discussed.  Here,  we  focus  on  the  influence  of  a  flow  vari¬ 
ation  in  time,  on  the  configuration  of  such  vortex  structures,  in 
particular  on  the  localization  of  stagnation  domains.  In  order  to 
illustrate  qualitatively  the  problem,  we  consider  the  case  where  the 
vortex  structures  can  be  approximated  by  quasi-ponctual  vortices. 
It  is  shown  that  in  the  case  of  a  time-dependent  river  flow,  the  con¬ 
ditions  for  existence  of  stationary  vortices  can  change  drastically. 
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SALMON’S  HAMILTONIAN  APPROACH  TO  BALAN¬ 
CED  FLOW  APPLIED  TO  A  ONE-LAYER  ISENTROPIC 
MODEL  ON  A  SPHERE 

W.T.M.  Verkley  (Royal  Netherlands  Meteorological  Institute,  P.O. 
Box  201,  3730  AE  De  Bilt,  The  Netherlands) 

We  will  discuss  a  hydrostatic  atmospheric  model,  consisting  of  a  sin¬ 
gle  layer  of  constant  potential  temi^rature.  Orography  is  included, 
forcing  and  friction  are  absent  and  the  geometry  is  a  rotating  sphere. 
The  system  is  governed  by  an  equation  for  the  conservation  of  hor- 
izontaJ  momentum  and  an  equation  for  the  conservation  of  mass, 
and  is  closely  analogous  to  a  one-layer  shallow- water  system.  Bal¬ 
anced  flow  is  defined  by  M'  =  /V",  where  M'  is  the  deviation  of  the 
Montgomery  potential  from  the  value  corresponding  to  the  state  of 
rest,  /  is  the  Coriolis  parameter  and  ^  is  the  streamfunction  that 
defines  the  balanced  velocity  field  vj  =  k  x  Salmon’s  Hamilto¬ 
nian  technique  is  applied  to  find  an  approximation  to  the  horizon¬ 
tal  momentum  equation  that  retmns  a  proper  equivalent  of  potential 
vorticity  conservation  and  conservation  of  total  energy.  When  the  ap¬ 
proximated  momentum  equation  is  combined  with  the  original  mass 
conservation  equation,  an  equation  for  the  unbalanced  ‘ageostrophic’ 
velocity  field  can  be  found.  It  is  shown  how  the  latter  equation 
can  be  solved  and  how  the  system  can  be  integrated  in  time  by  ma¬ 
terially  advecting  potential  vorticity  with  the  total  velocity  vt  -1-  Va. 


A  3-D  HETON  MECHANISM  OF  LATERAL 
SPREADING  IN  A  STRATIFIED  ROTATING 
FLUID 

T.  Doronina  (1),  V.Gryanik  (1,2),  D.  Gibers  (2),  T.  Warncke  (2) 

(1)  Institute  of  Atmospheric  Physics,  3  Pyzhevsky  per.,  109017  Moscow, 
Russia,  (2)  Alfred- Wegener  Institute  for  Polar  and  Marine  Research,  Am 
Handelshafen  12,  27570  Bremerhaven,  Germany 
vgryanikQAWI-bremerhaven  .de 

The  physical  mechanism  of  lateral  spreading  of  buoyancy  from  a  local¬ 
ized  convective  region  in  a  continuously  stratified  rotating  fiuid  due  to 
localized  baroclinic  vortices  (3D  hetons)  is  considered.  A  3D  heton  is 
viewed  as  an  elementary  block  to  construct  distributions  of  P V  generated 
by  buoyancy  forcing.  Based  on  the  PV  evolution  equation  in  the  quasi- 
geostrophic  approximation,  we  derive  equations  describing  the  motion  of 
a  population  of  3D  hetons.  We  investigate  in  detail  the  interaction  be¬ 
tween  two  hetons  and  show  that  the  vortices  can  be  in  confinement,  split¬ 
ting  or  reconnection  regimes  of  motion.  Numerical  experiments  m^e  for 
ring-like  populations  of  randomly  distributed  3D  hetons  show  that  mean 
radius  of  heton  population  and  its  variance  grow  linearly  with  time.  As 
applied  to  the  problem  of  vorticity  and  passive  scalar  transport  this  law 
implies  hyperdiffusion.  It  essentially  differs  from  the  ordinary  square- 
root  diffusion  law.  Linear  law  of  spreading  for  the  mean  radius  of  heton 
populations  implies  that  commonly  used  diffusion-iike  parameterizations 
of  lateral  buoyancy  transport  are  questionable,  at  least  under  conditions 
when  splitting  regime  of  heton  dynamics  dominates. 


TRIADIC  INTERACTION  OF  OBSERVED  ATMOSPHERIC 
BLOCKING-  AND  CYCLONIC-SCALE  VORTICES  IN  THE  OR¬ 
THONORMAL  WAVELET  REPRESENTATION 

Aimd  Fournier 

National  Center  for  Atmospheric  Research,  Boulder,  CO  USA  80307-3000. 
foumiarOucaT.edu/Fax:  [-H]  303  497  1700 

Traditionally  the  nonlinear  transfer  of  kinetic  energy  between  orthogonal  modes 
in  fluid  dynamics  has  been  described  by  a  kind  of  convolution  of  Fourier  coef¬ 
ficients,  known  as  ‘triad  interaction’.  Triad  interaction  between  wavenumbers 
n,  — m  and  m  —  n  is  known  to  be  constrained  by  a  ‘detailed  conservation’  the¬ 
orem.  Recently  lima  and  Toh  have  generalized  this  description,  in  the  case  of 
incompressible  flow,  from  Fourier  to  arbitrary  orthogonal  decompositions. 
This  presentation  will  show  the  empirical  results  of  computing  triad  interactions 
between  orthonormal  wavelet  modes,  which  describe  localized  vortices  such 
as  atmospheric  blocks  and  cyclonic-scale  eddies  much  more  efficiently  than 
Fourier.  Hypotheses  regarding  the  eddy  forcing  of  blocks  are  formulated,  based 
on  the  relative  horizontal  phase  shift  (tilt)  of  eddy  streamfunction  structures 
overlying  the  larger  blocking  streamfunction  pattern.  These  hypotheses  are 
checked  case-by-case  for  NMC  analyses  of  observations  of  different  flow  synoptic 
states. 


TRAJECTORIES  OF  VORTICES  EMITTED  INTO 
RIVER  MOUTH 

V.P.  Goncharov  (Institute  of  Atmospheric  Physics,  Russ.  Acad, 
of  Sciences,  Pyzhevsky  3,  Moscow  109017,  Russia) 

V.I.  Pavlov  (Universite  de  Lille,  56955  Villeneuve  d’Ascq,  FVtmce) 

We  consider  the  dynamics  of  strong,  locjJized  vorticity  concentra¬ 
tions  in  a  flow.  We  study  the  dynamics  of  point  vortex  systems 
with  boundary  conditions.  Results  of  analysing  dynamics  of  vortex 
dipoles  in  rivers  mouths  are  presented.  Main  purpose  is  construc¬ 
tion  of  the  possible  scenarios,  their  classification  and  definition  of 
geophysical  parameters  for  really  observable  phenomenon  of  emit¬ 
ting  dipole  vortex  structures  from  river  mouths  into  open  ocean.  If 
the  river  inflow  is  simulated  by  a  point  source  of  constant  potency, 
the  considered  process  will  be  realized  only  in  narrow  mouths  with 
half-angle  less  than  ir/d.  Two  topologically  various  kinds  of  mo¬ 
tion  trajectories  are  possible  for  the  vortex  dipoles  outgoing  from 
a  source.  If  the  their  energy  is  more  than  defined  threshold  value, 
the  vortices  move  along  open  trajectories  and  abandon  the  river 
mouth.  Otherwise  the  vortices  move  along  closed  trajectories  with¬ 
out  escaping  from  the  river  mouth. 


HAMILTON’S  PRINCIPLE  FOR  QUASIGEOSTROPHIC 
MOTION 

Darryl  D.  Holm  (1)  and  Vladimir  Zeitlin  (2) 

(1)  Theoretical  Division  and  Center  for  Nonlinear  Studies 
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(2)  LMD,  BP  99,  Universite  P.  et  M.  Curie 
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We  show  that  the  equation  of  quasigeostrophic  (QG)  potential 
vorticity  conservation  in  geophysical  fluid  dynamics  follows  from 
Hamilton’s  principle  for  stationary  variations  of  an  action  for  geodesic 
motion  in  the  /-  plane  case  or  its  prolongation  in  the  /?  -  plane  case. 
This  implies  a  new  momentum  equation  and  an  associated  Kelvin 
circulation  theorem  for  QG  motion.  We  treat  the  barotropic  and 
two-layer  baroclinic  cases,  as  well  as  the  continuously  stratified  case. 


FORCED  DIVERGENT  ANTICYCLONES  AND  THE  MONSOON 
VORTEX 

C.  Juno  Hsu  and  R.  Alan  Plumb 

Program  in  Atmospheres,  Oceans  and  Climate,  Massachusetts  Institute  of 
Technology,  Cambridge,  MA  02139,  U.S.A.. 

We  shall  describe  the  properties  of  the  anticyclonic  vortex  forced  in  an  almost- 
inviscid  shallow-water  model  by  a  localized  “thermal”  forcing  (mass  relaxation). 
On  the  /-plane,  the  response  is  a  circular  anticyclone  of  almost  zero  absolute 
vorticity,  in  agreement  with  inviscid  axisymmetric  theory.  When  a  0-effect  is 
introduced,  the  vortex  is  distorted  by  becoming  elongated  toward  the  west,  but 
otherwise  not  greatly  changed,  as  long  as  0L^/Ux  <  1,  where  L  is  a  scale  for 
the  vortex  size  and  the  magnitude  of  the  forced  divergent  flow.  However, 
if  0L^/Ux  >  1  the  forced  vortex  periodically  sheds  anticyclonic  eddies  which 
propagate  away  to  the  west,  and  its  absolute  vorticity  is  no  longer  close  to  zero. 
For  the  most  part,  these  results  have  straightforward  dynamical  interpretation. 
The  importance  of  the  parameter  0L'^/Uj^  can  be  seen  as  a  ratio  of  the  free  drift 
speed  of  the  vortex  to  the  strength  of  the  divergent  flow  that  is  maintaining  its 
position.  The  change  of  the  vorticity  between  the  two  regimes  can  be  predicted, 
through  an  extension  of  earlier  arguments  concerning  the  vorticity  budget,  to  be 
associated  with  the  increased  effective  friction  accompanying  vortex  shedding. 
Global  meteorological  analyses  appear  to  reveal  subtropical,  upper  tropospheric 
anticyclones  being  shed  in  a  similar  way  from  the  Tibetan  high. 
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kArmAn  vortex  streets  as  stable  attractors  of 

FORCED-DISSIPATED  FLOWS 
T.  D.  Humphreys  (1)  and  P.  S.  Marcus  (2) 
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Unidirectional  shearing,  2D  flows  are  often  embedded  with  Karman  vortex 
streets  (n.6.  almost  all  Jovian  vortices  are  in  streets).  When  the  flow  is  forced 
and  dissipated,  the  streets  are  stable,  attracting,  dynamical  equilibria.  (In  con¬ 
trast,  a  single  row  of  vortices  is  unstable.)  Jovian  vortices  are  forced  by  merger 
with  smaller  vortices,  and  we  model  this  forcing  with  flnite  amplitude  pertur¬ 
bations  to  steady  vortex  patches.  Dissipation  occurs  primarily  when  vortices 
collide  with  stagnation  points  and  eject  thin  fllaments  which  are  dissipated  by 
molecular  viscosity.  In  our  model,  these  fllaments  are  cut  from  the  contours 
when  they  are  sufficiently  distant  from  the  shedding  vortex  patch.  The  dy¬ 
namics  of  the  filamentation  and  therefore  the  evolution  towards  attractors  is 
controlled  by  the  pattern  and  proximity  of  stagnation  points  in  the  street.  There 
are  three  possible  topologies  of  particle  paths  connecting  stagnation  points  (ho¬ 
moclinic  and  heteroclinic  orbits).  We  demonstrate  the  progression  towards  at¬ 
tractors  in  this  system,  and  find  that  one  particular  topology  appears  to  be  the 
attracting  structure  for  all  streets.  We  compare  with  planetary  observations. 


STABILITY  OF  LARGE-SCALE  VORTICES:  FROM 
SHALLOW-WATER  TO  FRONTAL  DYNAMICS 
M.  Ben  Jelloul  and  V.  Zeitlin 

LMD,  BP  99,  Universite  P.  et  M.  Curie,  4,  pi.  Jussieu,  75252  Paris, 
France. 

We  discuss  linear  and  nonlinear  stability  properties  of  axisymmetric 
isolated  vortices  in  a  hierarchy  of  balanced  models  resulting  from  the 
rotating  shallow-water  equations  on  the  f-plane,  namely, 
quasi-geostrophic,  intermediate  geostrophic  and  frontal  dynamics 
models.  In  nonlinear  stability  studies  we  use  the  Hamiltonian  approach 
and  the  energy-Casimir  method  in  order  to  get  sufficient  conditions  for 
stability.  In  particular,  we  show  that  in  the  frontal  dynamics  regime 
both  cyclonic  and  antlcyclonic  vortices  with  monotonous  elevation 
profile  are  nonlinearly  stable. 


BEACH  VORTICES 
£.R.Johnson 

Department  of  Mathematics,  UCL,  Gower  Street,  LONDON,  WCIE  6BT,  UK. 
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A  variational  characterisation  of  steadily  propagating  vortices  over  uneven  to¬ 
pography  is  presented.  This  is  used  to  prove  the  existence  of  and  constrauct 
solutions  for  vortices  propagating  along  sloping  beaches.  Particular  examples 
of  vorticity  distributions  and  beach  profiles  are  discussed  and  formulae  given 
for  the  shape  and  speed  of  the  vortices. 


A  DIRECT  EXAMPLE  OF  WAVE- VORTEX  INTERACTION  IN 
ROTATING  SHALLOW  WATER 
A.  Kuo  and  L.  Polvani 

Program  in  Applied  Mathematics,  Dept,  of  Applied  Physics,  Columbia  Univ.. 
akuoQappmath. Columbia. edu/Fax:  (212)  854-8228 

Using  a  physical  space  (i.e.  non-modal)  approach,  we  inv^tigate  interactions 
between  fast  inertia-gravity  waves  and  slow  balanced  flows  in  a  shallow,  ro¬ 
tating  fluid.  Specifically,  we  consider  a  train  of  gravity  waves  impinging  on  a 
balanced  vortex.  For  simplicity,  we  study  the  one-dimensional  problem  first; 
the  limitations  of  one-dimensionality  are  of&et  by  the  ability  to  define  balance 
in  an  exact  way.  We  perform  an  asymptotic  analysis  of  the  problem  in  the 
small  amplitude  limit  to  demonstrate  the  existence  of  interactions.  We  show 
these  interactions  are  not  confined  to  the  modification  of  the  wave  field  by  the 
vortex  but,  more  importantly,  that  the  waves  are  able  to  alter  in  a  non-trivial 
way  the  potential  vorticity  associated  with  the  vortex.  Interestingly,  owing  to 
the  restrictions  of  one-dimensionality,  the  net  interaction  is  nil  in  the  sense 
that  once  the  waves  have  traversed  the  vortex  region  and  have  propagated 
away  the  vortex  exactly  recovers  its  initial  shape  (no  net  energy  transfer).  Fur¬ 
thermore,  we  prove  the  last  result  in  the  case  of  arbitrary  vortex  and  wave 
amplitudes.  Numerical  integrations  of  the  full  one-dimensional  shallow  water 
equations  in  strongly  nonlinear  regimes  are  also  performed;  they  confirm  that 
time-dependent  interactions  exist  and  increase  with  wave  amplitude  while  the 
final  state  of  the  vortex  bears  no  sign  of  the  interaction.  Finally,  we  discuss  the 
extent  to  which  these  results  hold  in  a  more  realistic  two-dimensional  problem. 


HYPERBOLIC  INSTABILITY  IN  ROTATING  DIPOLES 
S.  Leblanc 

LMFA/ECL,  BP  163,  F-69131  Ecully  Cedex,  France. 
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The  geometrical  optics  stability  theory  for  short-wave  instabilities  [Li&chitz  & 
Hameiri,  Phys.  Fluids  A  3, 2644  (1991)]  is  used  to  show  that  any  steady  inviscid 
plane  flow  subjected  (or  not)  to  a  Coriolis  force  with  perpendicular  angular 
velocity  vector  is  unstable  to  three-dimensional  perturbations  if  #(xo)  <  0 
on  a  stagnation  point  located  at  xq.  ^  is  the  second  invariant  of  the  inertial 
tensor  [Leblanc  &  Cambon,  Phys.  Fluids  9, 1307  (1997)].  In  particular,  at  zero 
tilting  vorticity  W(xo)  +  40  s:  0,  any  stagnation  point  (hyperbolic,  elliptical 
or  pure-shear)  is  unstable.  On  the  other  hand,  any  vortex  core  (elliptical  or 
circular)  is  stable  at  zero  absolute  vorticity  W(xo)  +  2R  s  0.  The  criterion  is 
applied  to  Chaplygin’s  non-symmetric  dipolar  vortex  moving  along  a  circular 
path  [Meleshko  tc  van  Heijst,  J.  Fluid  Mech.  223, 1  (1991)]  which  is  shown  to 
be  unstable,  owing  to  the  hyperbolic  stagnation  points  located  on  the  boundary 
of  the  dipole  [Leblanc,  Phys.  Fluids  9,  3566  (1997)]. 


NON-LOCAL  2D  TURBULENCE:  A  TWO  FLUID  APPROACH. 

Sergey  Nazarenko  (1),  Berengere  Dubrulle  (2)  and  Jean-Philippe  Laval  (2) 
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High-resolution  DNS  of  forced  2D  turbulence  by  Borue  (1993)  indicate  that  2D 
turbulence  is  non-local:  “the  primary  contribution  to  the  enstrophy  transfer 
function  comes  from  wavenumber  triads  with  one  small  leg  and  two  long  ones”. 
We  use  this  fact  to  develop  a  two-fluid  model,  in  which  the  fluid  flow  is  divided 
into  the  large-scale  and  small-scale  components  evolving  acoording  to  their  own 
(coupled)  equations  which  are  averaged  over  the  small  scale.  These  model  is 
rigorously  derived  from  the  Navier-Stokes  equations  under  the  assumption  of 
non-locality  in  small-scales  and  does  not  contrin  any  adjustable  parameters. 
The  small-scale  equation  has  a  WKB  form  for  turbulence  wave-packets  which 
ue  advected  by  the  large-scale  flow  and  the  wavenumber  of  which  is  evolving 
due  to  the  large-scale  shear/strain.  These  wave-packets  contribute  into  the  the 
large-scale  equation  via  the  averaged  Reynolds  stresses,  so  that  the  total  energy 
and  enstrophy  of  the  large  and  small  scales  are  conserved.  We  developed  a  new 
numericsd  method  based  on  the  two-fluid  model  suitable  for  high-Reynolds 
number  LE5  of  2D  flow.  We  discuss  our  numerical  and  analytical  results,  such 
as  the  spectral  exponents  for  the  small-scale  turbulence  and  passive  scalars  and 
PDFs.  Comparison  with  high-resolution  DNS  shows  that  the  two-fluid  method 
performs  remarkably  well  for  very  high  Reynolds  numbers. 
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BALANCED  MODELS.  PART  I:  THEORY 

E.C.  Nevep  (Atmospheric  Dynamics  Group,  Department  of  Applied  Mathematics  and 
Theoretical  Physics,  University  of  Cambridge,  United  Kingdom) 

Balanced  models  provide  a  amplified  description  of  the  motion  of  reduced  dimension* 
ality  in  a  parent  model.  They  describe  the  balanced  motion  m  a  parent  model  whidi 
allows  both  balanced  motion  (resulting  from  balance  between  forces  or  slaving  from 
fast  modes  to  sbw  modes)  and  unbalanced  motion  (spontaneous  radiation  of  fast 
modes).  We  discuss  the  analogy  between  the  shallow-water  and  the  Euler-Boussinesq 
peuvnt  model,  which  relates  a  vortidty  gradient  in  a  horizontal  layer  to  a  density  gra¬ 
dient  in  a  vertical  slice,  Rossby  waves  and  surface  gravity  waves  to  internal  gravity 
waves  and  acoustic  waves,  and  geostrophic  to  hydrostatic  balance. 

Balanced  models  are  defined  by  balance  dynamics  (prognostic  equations  for  the  slow 
modes),  and  balance  conditions  (diagnostic  equations  for  the  fast  modes)  that  de¬ 
termine  the  constraint  manifold.  The  relation  to  the  (quasi-)  slow  manifold,  centre 
manifold,  (jq>proxlmate)  inertial  maiufold,  and  (strange)  attractor  is  discussed.  An 
overview  of  rarious  choices  for  balanced  models  is  presented:  parent  model,  slav¬ 
ing  variable  (relative  vortidty,  geopotential,  potential  vortidty),  decomposition  of 
velodty  field  (geostropluc-ageostrophic,  vortidty-divergence,  slow-fast),  and  formal 
e;q>ansion  scheme  (based  on  momentum  or  vortidty-divergence  equations,  normal 
mode  decomposition,  Hamiltonian  variational  prindple,  or  semi-geostrophy). 

There  are  ftmdamental  limitations  to  the  concept  of  balance:  the  small  parameter  U 
not  given  explidtly  but  follows  from  scaling  analysis;  scale  separation  is  not  strict  in 
the  presence  of  linear  dispersive  waves;  invertibility  is  violated  for  intense  vortices  and 
near  the  equator;  spontaneous  emission  of  fast  modes  provides  unbalanced  motion; 
and  interactions  of  unbalanced  motion  may  exist.  These  are  discussed,  as  well  as  the 
the  relation  between  stability  problems  and  balanM  problems:  linear  instability  is 
related  to  secular  terms  and  breakdown  of  formal  expansions  in  all  parameters;  and 
inertial  instability  is  related  to  non-elliptidty  of  the  equations  and  breakdown  of  in¬ 
vertibility.  See  DAMTP  homepage  http://www.atm.damtp.cam.ac.ak/people/ecnh} 


BALANCED  MODELS.  PART  11:  NUMERICS 

E.C.  Neven  f  Atmospheric  Dynamics  Group,  Department  of  Applied  Mathematics  and 
Theoreticii  Physics,  University  of  Cambridge,  United  Kingdom) 

Balanced  models  in  the  context  of  a  patent  shallow-water  model  on  a  rotating  hemi¬ 
sphere  arc  presented.  The  balance  conditions  ate  based  on  decomposition  of  the 
velocity  field  either  into  vortidty  and  divergence  components  (as  in  the  linear  and 
Charney  balance  models,  and  in  .the  direct  inversion  models),  or  into  alow  and  fast 
modes  (as  in  the  slow  equation  models,  and  in  the  linear,  Machenhauer  and  Baet- 
Tdbbia  normal  mode  inversion  models).  The  balance  dynamics  ate  local  vortidty 
conservation,  local  mass  conservation  or  material  potential  vortidty  conservation, 
and  the  corresponding  slaving  variables  are  relative  vortidty,  geopotential  or  poten¬ 
tial  vortidty,  respectively.  Through  a  formal  expansion  in  terms  of  Rossby  number  as 
the  small  parameter,  hierarchies  of  balanced  modeb  are  constructed  with  increasing 
order  of  accuracy.  As  a  measure  of  accuracy  of  the  balanced  model  with  respect  to 
the  parent  shallow-water  model,  either  instantaneous  or  cumulative  toot-mean-square 
error  of  divergence  or  geopotential  field  is  used. 

Through  numerical  time  integrations  with  a  high-resolution  spectral  code  the  bal¬ 
anced  modeb  are  compared  with  the  shallow-water  model.  Thb  extends  the  work 
by  McIntyre  and  Norton  (1997).  The  balanced  model  runs  are  much  more  expensive 
than  the  shallow-water  tuns  due  to  the  many  nonlinear  terras,  iterations  and  relax¬ 
ations  required  to  solve  the  nonlinear  balance  conditions.  The  accuracy  b  determined 
near  the  equator  to  test  the  validity  for  large  local  Rossby  numbers,  and  for  small 
equivalent  depth  to  test  the  validity  for  locri  Froude  numbers  not  far  short  of  unity. 
For  potential  vorticity  balanced  modeb,  local  mass  (non)conservation  b  discussed. 
Thb  b  part  of  SWEEP,  a  comprehensive  research  programme  on  coherent  structures, 
balanced  modeb,  and  topology  and  geometry  of  flow  domain  manifolds,  in  the  fields  of 
atmospheric  science,  fluid  dynamics,  plasma  dynamics,  nonlinear  science  and  theoreti¬ 
cal  physics.  See  DAMTP  homepage:  http://www.atm.damtp.cam.ac.ak/people/ecn20 


THE  BREAKING  OF  ROSSBY  WAVES  AT  THE  BOTTOM  OF 
THE  STRATOSPHERIC  POLAR  VORTEX 
I,.  Polvani  (1),  R.A.  Plumb  (2)  and  D.G.  Dritschel  (3) 

(1)  Department  Applied  Physics,  Columbia  University,  New  York,  NY  10027, 
USA,  (2)  Department  of  Earth,  Atmospheric  and  Planetary  Sciences,  MIT, 
Cambridge,  MA  02139,  USA,  (3)  Department  of  Mathematics,  Warwick  Uni¬ 
versity,  Coventry  CV4  7AL,  England. 
polvaniOcolunbia.adu/Fax;  (212)  854-8257 

Using  a  multilayer  quasigeostrophic  model,  we  investigate  the  response  of  an 
idealized  baroclinic  polar  vortex  to  topographically  forced  Rossby  waves.  We 
consider  a  number  of  initial  potential  vorticity  configurations,  and  describe  un¬ 
der  which  circumstances  the  wave  breaking  is  confined  to  the  bottom  part  of  the 
vortex.  In  contrast  to  the  findings  of  Dritschel  &  Saravanan  (Q.J.R. Af.S.,120, 
1994)  for  a  barotropic  vortex,  we  show  that  low-level  wave  breaking  can  occur 
even  at  small  forcing  amplitudes.  We  construct  a  kinematic  interpretation  of 
this  behavior  in  terms  of  the  distance  between  the  polar  vortex  edge  and  the 
stagnation  points  of  the  flow.  We  discuss  the  relevance  of  these  results  to  the 
maintenance  of  stratopsheric  polar  “sub-vortex”. 


THREE-DIMENSIONAL  INSTABILITIES  OF  COLUMNAR 
VORTICES  ON  THE  F-PLANE 
P.G.  Potylitsin  and  W.R.  Peltier 

Department  of  Physics,  University  of  Toronto,  Toronto,  Ontario, 
Canada  M5S 1A7. 

pavelSatmosp. physics. utoronto.ca/Fax:  (416)  978-8905 
We  consider  the  stability  of  columnar  vortices  against  three-dimensional  per¬ 
turbations  in  the  presense  of  background  rotation  and  as  a  function  of  the  el- 
lipticity  of  the  vortex.  As  a  model  of  the  basic  vorticity  distribution,  we  employ 
the  Stuart  (1967)  steady  solution  to  the  Euler  equation.  In  the  case  of  rotating 
flow,  an  anticyclonic  vortex  is  shown  to  be  unstable  for  small  values  of  the 
background  rotation,  while  fast  rotation  strongly  stabilizes  both  anticyclonic 
and  cyclonic  columns,  as  expected  on  the  basis  of  the  Taylor-Proudman  theo¬ 
rem.  We  demonstrate  that  there  exist  three  distinct  forms  of  three-dimensional 
instability  to  which  strong  anticyclonic  vortices  are  subject.  One  form  of  insta¬ 
bility  consists  of  a  Coriolis  force  modified  form  of  the  elliptical  instability,  which 
is  dominant  for  vortex  columns  whose  cross  sectors  are  strongly  elliptical  in  the 
case  of  the  Stuart  model  of  the  basic  state.  The  second  form  of  instability  may 
be  understood  to  constitute  a  three-dimensional  inertial  (centrifugal)  instabil¬ 
ity,  which  became  the  dominant  mechanism  of  instability  as  the  ellipticity  of 
the  vortex  column  decreases.  Also  evident  in  the  Stuart  model  of  the  vorticity 
distribution  is  a  third  “hyperbolic”  mode  of  instability  that  is  focused  on  the 
stagnation  point  that  exists  between  adjacent  vortex  cores. 


NUMERICAL  SIMULATION  OF  NONLINEAR  INSTABILTIES  OF  COUNTER¬ 
ROTATING  VORTEX  PAIRS  IN  STRATIFIED  AND  UNSTRATIFIED  FLUID 

R  F  Rnhin.'i  and  D.P.  Delisi 
Northwest  Research  Associates,  Inc. 
bob@nwia.com,  don@nwra.com 

Nonlinear  instabilities  of  counter-rotating  vortex  pairs  in  stratified  and  unstratified 
fluid  are  studied  by  means  of  numerical  solutions  to  the  governing  equations.  Each 
vortex  is  initialize  as  a  siqterposition  over  a  spectrum  of  wavefer^s  of  slightly 
perturbed  component  vortices  with  randomly  selected  phases.  Die  cross-axial 
vorticity  distriwition  of  the  component  vortices  is  Gaussian,  with  a  core  radius,  r, 
equal  to  0.16  of  b,  the  separation  of  the  vortices.  Numerical  results  are  shown  for 
Froude  numbers  (Ft)  infinity,  8, 4,  2  and  1,  where  Fr  =  V/Nb,  N  being  the  Bnmt- 
Vaisala  fi^uency  of  the  flui^  and  V  being  the  initial  descent  speed  of  the  vortices. 
In  unstratified  fluid,  the  vortices  develop  a  slowly  growing  small  scale  instability  of 
axial  wavelength  on  the  order  of  b  which  is  eventually  dominated  by  the  growth  of 
a  large  scale  ^row)  instability  with  axial  wavelength  on  the  order  of  8b.  As  the 
Crow  instability  continues  to  grow,  the  vortices  link,  and  vertically  migrating  rings 
are  fiicmed.  For  low  to  moderate  stratification  of  the  fluid  (Fr  i  4),  increasing 
stratification  accelerates  the  growth  of  the  Crow  instability,  but  if  the  stratification 
is  increased  until  buoyancy  time  scale  is  of  the  same  order  as  the  linking  time 
scale  (Fr  =  2),  then  ring  formation  is  suppressed,  and  axial  density  gradients  cause 
the  formation  of  puff-like  structures  instead  of  rings.  As  stratification  is  further 
increased  (Fr  =  1),  buoyancy  efiects  prevent  growth  of  the  Crow  instability,  and 
groi^  of  the  sii^l  scale  instability  is  accelerated.  Numerical  results  show  good 
agreement  with  laboratory  observations  of  the  small  scale  instability  for  Fr  = 
infinity  and  1.  The  vortex  Reynolds  number,  Re  =  F/v,  for  the  simulations  is  either 
1500,  for  comparisons  with  laboratory  observations,  or  3000. 


ON  THE  ERTEL  AND  IMPERMEABILITY  THEOREMS  FOR 
SLIGHTLY  VISCOUS  CURRENTS,  WITH  OCEANOGRAPHIC 
APPLICATIONS. 

E.Saiusti,  (INFN,  Dip.  di  Fisica,  Universita  di  Roma  “La  Sapienza” , Italy) 
R.Serravall  (Dip.  Meccanica  e  Aeronautica,  Universita  di  Roma  “La  Sapienza” , 
Italy) 

We  analyse  theoretically  how  a  mild  fluid  viscosity  can  effect  the  potential 
vorticity  for  stratified  fluids  in  a  rotating  system.  A  generalization  of  the  clas¬ 
sical  Ertel  theorem  will  be  discussed  and  the  law  of  conservation  corresponding 
to  novel  invariants  n  is  obtained.  These  invariants  do  not  have  a  classical 
form:  indeed  one  example  is  mere  classical  potential  vorticity  multiplied  by 
a  time  function.  It  has  to  be  stressed  that  similar  relations  hold  for  a  large 
class  of  conserved  quantities,  such  as  tracers,  entropy,  etc.  Our  results  are 
also  compared  with  those  deriving  from  the  recent  Impermeability  theorem  by 
Haynes  and  McIntyre,  a  comparison  that  gives  some  new  insight  into  stratified 
fluid  dynamics.  Among  other  results  we  obtain  an  effective  way  of  estimating 
the  importance  of  frictional  effects  on  the  potential  vorticity  evolution  along 
streamlines  and  a  generalization  of  the  classical  “thermal  wind”  relation.  These 
ideas  are  then  applied  to  various  cases  of  oceanographic  interest,  such  as  equa¬ 
torial  currents,  small  space-scale  motions,  thermocline  ventilation  relative  to 
various  tracers,  as  well  as  to  steady  or  quasi-steady  fronts  and  cold  filaments, 
namely  the  long  patches  that  are  often  observed  in  thermal  satellite  images. 
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Coastal  current  bifurcations  due  to  topography:  sensitivity  to  vari¬ 
ations  of  the  vorticity  profile  of  the  coastal  current. 

R.  Serravall  (Universita  di  Roma  “La  Sapienza” ,  Italy) 

G.Camevale  (Scripps  University  of  San  Diego,  La  Jolla,  California) 

P.Orlandi  (Universita  di  Roma  “La  Sapienza” ,  Italy) 

Models  of  the  effect  of  along-shore  variation  of  topography  on  coastal  cur¬ 
rents  using  barotropically  stable  coastal  currents  have  been  succesful  in  pre¬ 
dicting  current  bifurcations,  but  have  not  reproduced  all  of  the  variability  typ¬ 
ically  observed  in  laboratory  experiments  and  ocean  observartions.  One  source 
of  the  observed  variability  is  barotropic  instability  of  the  coastal  and  off-shore 
currents.  Another  source  is  eddy  generation  due  to  the  interaction  of  the  topog¬ 
raphy  with  complex  coastal  current  profiles.  Simulations  based  on  barotropic 
quasi-geostrophic  dynamics  are  performed  to  help  determine  the  nature  of  the 
observed  variability.  A  variety  of  profiles  are  tested  and  the  resulting  flows  are 
compared. 


Experiments  on  the  bifurcation  of  a  coastal  current  in  presence  of  a 
topographic  slope 

R.  Serravall  (Universita  di  Roma  “La  Sapienza” ,  Italy) 

L.  Zavala-Sanson  (Eindhoven  University  of  Technology,  The  Netherlands). 
G.J.F.  van  Heijst  (Eindhoven  University  of  Technology,  The  Netherlands). 

The  purpose  of  these  experiments  is  to  reproduce  in  a  rotating  system  the 
dynamics  of  a  current  flowing  along  the  coast  and  in  presence  of  a  step-like 
bottom  slope  perpendicular  to  the  coastline.  The  experiments  were  performed 
in  a  rotating  tank  of  1  m  x  1.5  m.  In  the  middle  of  the  longer  aide,  a  narrow 
slope  (4  cm  wide)  was  fixed  with  the  topographic  contours  perpendicular  to 
the  coastline.  The  current  was  created  by  a  local  source  flowing  parallel  to  one 
of  the  walls.  Two  different  types  of  experiments  were  performed,  depending 
on  the  initial  position  of  the  source:  coastal  currents  (flowing  with  the  wall 
to  the  right)  from  deep  to  shallow  waters  and  vice  versa.  The  water  level  (24 
cm)  was  maintained  constant  by  using  a  sink  in  the  opposite  side  of  the  tank. 
When  the  current  flows  from  deep  to  shallow  waters,  it  bifurcates  following  the 
depth  contours,  perpendicular  to  the  coast  (a  similar  effect  is  observed  in  the 
Adriatic  sea).  For  currents  flowing  from  shallow  to  deep  waters,  part  of  the 
current  turns  off-shore  forming  a  dipole  structure,  while  the  other  part  crosses 
the  slope  and  continues  along  the  coast.  These  results  are  in  good  agreement 
with  quasi-geostrophic  finite-differences  direct  simulations  and  with  an  analyt¬ 
ical  model. 


INTERACTIONS  BETWEEN  FINITE-CORE  HETONS 
M.Sokolovskiy  (1)  and  J.Verron  (2) 

(1)  Institute  of  Water  Problems  of  Russian  Academy  of  Science,  10  NovayaBas- 
mannaya,  P.O.Box  231,  Moscow,  107078,  Russia,  (2)  Laboratoire  des  Ecoule- 
ments  G^physiques  et  Industriels,  BP53X,  3841  Grenoble,  Cedex,  Fkance. 

Heton  concept  introduced  by  Hogg  and  Stommel  (1985)  is  believed  to  be  a 
relevant  prototype  of  oceanic  barocUnic  vortices  and  especially  of  Gulf  Stream 
rings.  Valcke  and  Verron  (1993)  gave  a  first  classification  of  the  possible  inter¬ 
actions  between  mutually  compensated  two-layer  vortices  (hetons)  depending 
on  the  values  of  the  internal  ra^us  of  deformation,  the  initial  distance  between 
hetons  and  the  radius  of  the  potential  vorticity  patches.  Their  numerical  re¬ 
sults,  obtained  using  a  finite-^fference  code,  show  that  the  parameter  space 
consists  of  three  main  sub-domains  corresponding  to  distinct  behaviors:  1)  di¬ 
vergence  of  the  hetons  (“heton  regime”),  2)  coupling  of  the  same-layer  vortices 
with  merging,  3)  coupling  of  the  same-layer  vortices  without  merging. 

In  the  present  work,  a  more  extensive  study  of  the  heton  interactions  has  been 
conducted  using  the  contour  dynamics  method  (CDM).  Main  behaviors  ooin- 
cidate  for  both  models  but  the  CDM  study  brings  more  detailed  view  of  the 
ccsnplicated  “heton  regime”  which  subdivides  into  four  subclasses:  la)  diver¬ 
gence  with  initial  merging,  lb)  divergence  without  merging,  Ic)  decay  which 
brings  smaller-scale  heton  formation  and  their  further  scattering.  Id)  decay  re¬ 
sulting  in  formation  of  non-compensated  twolayer  vortices  which  sequentially, 
merge,  then  disintegrate  into  hetons  of  smaller  scale,  and  scatter.  This  work  is 
supported  by  INTAS  (Grant  N”  94-3614). 


NUMERICAL  INVESTIGATION  ON  THE  STABILITY  OF 
ISOLATED  VORTICES  BEYOND  THE 
QUASI-GEOSTROPHIC  DESCRIPTION 

A.  Stegner  and  D.G.  Dritschel 

DAMTP,  University  of  Cambridge,  Silver  Street,  Cambridge  CBS 
9EW,  U.K. 
stegner®lmd  .ens.fr 

The  stability  of  a  family  of  circular  and  isolated  vortex  is  studied 
numerically  using  the  Contour-Advective  Semi-Lagrangian  (CASL) 
algorithm  [IJ.The  full  shallow-water  equations  are  solved  and  therefore 
the  instability  mechanism  can  be  investigated  in  a  wide  range  of 
parameters.  The  steepness  of  the  vorticity  profile  is  used  as  a  critical 
parameter.  Both  large-scale  and  ageostrophic  effects  ate  shown  to 
stabilize  isolated  vortices.  The  anticyclones  tends  to  be  favoured  in 
this  restabilization  process.  Comparison  with  the  standard 
Quasi-Geostrophic  description  will  be  presented. 
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VORTICES  IN  THE  ENSTROPHY  INERTIAL  RANGE;A  PHENOMENO¬ 
LOGICAL  THEORY 

Geoffrey  K.  Vallis  and  Ken  Oetzel 
University  of  California,  Santa  Cruz 
Email:  vallis@cascade.ucsc.edu 

The  properties  of  vortices  in  a  strain  field  are  used  to  construct  a  phenomenological 
theory  of  the  enstrophy  inertial  range  in  two-dimensional  incompressible  turbulence. 
The  theory,  based  in  part  on  the  results  and  behavior  of  numerical  simulations, 
combines  spectral  inertial  range  theories  of  the  Kolmogorov  type  with  the  dynamics 
of  vortex  interactions  in  physical  space.  It  is  based  on  the  assumptions  that  coherent 
vortices  can  survive  in  a  turbulent  flow  if  of  sufficient  strength  compared  to  the 
background  straining  field,  and  that  coherent  smictutes  feel  a  mean  strain  field, 
independent  of  their  scale.  The  first  assumption  is  suggested  by  a  result  in  the  theory 
of  uniform  elliptic  vortices,  while  the  second  comes  from  numerical  simulations.  The 
theory  predicts  that  at  small  scales  in  forced-dissipative  two-dimensional  turbulence 
the  energy  spectmm  will  obey  the  classical  enstrophy  inertial  range  predictions  even 
though  the  nonlinear  interactions  remain  spectrally  non-local.  Passive  scalar  dynamics 
at  all  scales  are  predicted  to  be  similar  to  vortex  dynamics  at  small  scales.  Available 
numerical  simulations  are  consistent  with  these  suggestions. 


INTERACTION  BETWEEN  A  COHERENT  EDDY  AND  A  THIN 
ZONAL  OCEAN  JET  USING  A  TWO-AND-A-HALF-LAYER 
QUASI-GEOSTROPHIC  MODEL 
F,  Vandermeirsch  (1),  X.J.  Carton  (1)  and  Y.G.  Morel  (1) 

(1)  EPSHOM-CMOM  13,  rue  du  Chatellier  -  29275  Brest  cedex,  France. 

In  the  Azcres-Madeira  region,  recent  sea  measurement  cruises  have  revealed  the 
existence  of  interactions  between  subsurface  anticyclonic  eddies  (of  the  meddy 
type)  with  the  Azores  stream.  In  this  configuration,  the  eddy  undergoes  ad- 
vection  by  the  average  stream  and  self  propagation  by  the  beta  effect.  Another 
mechanism  based  on  the  mutual  influence  of  the  vorticity  of  both  meddy  and 
of  a  field  of  sheared  velocity,  leads  to  the  propagation  of  the  eddy.  The  zonal 
stream  (West-East)  is  subjected,  in  return,  to  strong  deformations  in  the  pres¬ 
ence  of  eddies  :  meanders  are  created  on  the  jet. 

In  this  study,  we  examine  the  nonlinear  interactions  between  a  zonal  jet  and 
a  vortex,  using  a  two-and-a-half-layer  quasi-geostrophic  numerical  model.  The 
eastward  jet  in  layer  one  is  defined  by  two  strips  of  constant  and  opposite  po¬ 
tential  vorticity.  The  anticyclonic  eddy  in  layer  two  is  initialized  north  of  the 
jet  by  a  circular  patch  of  constant  potential  vorticity.  We  numerically  deter¬ 
mine  the  physical  conditions  under  which  the  eddy  crosses  the  jet  meridionally, 
or  drifts  along  its  northern  side.  Furthermore,  an  analytical  criterion  for  the 
crossing  of  the  jet  is  established,  which  remarkably  compares  with  the  numer¬ 
ical  experiments.  The  sensitivity  of  these  dynamic  regimes  to  environmental 
parameters  is  finally  examined. 
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EVOLUTION  OF  A  LAMB  QUADRUPOLAR  VORTEX 
O.U.  Velasco  Fuentes 

Departamento  de  Oceanografla  Fi'sica,  CICESE,  Ensenada,  Baja  California, 
Mexico. 

ovelascoCclcese .BX 

Leunb  vortices  are  stationary  solutions  of  the  Euler  equations  in  two  dimen¬ 
sions.  They  are  formed  by  a  circular  core,  divided  in  an  even  number  of  sectors 
of  vorticity  of  alternating  sign,  and  an  exterior  potential  8ow.  The  well-known 
Lamb  dipolar  vortex  is  the  simplest  of  these  structures,  and  the  quadrupolar 
vortex  follows  in  increasing  order  of  complexity:  The  interior  flow  is  divided 
in  four  sectors  where  the  vorticity  has  alternating  sign,  and  the  exterior  flow 
is  a  linear  strain  fleld.  This  quadrupolar  vortex  is  perturbed  and  its  evolution 
is  studied  numerically.  The  perturbations  prescribed  are:  (a)  an  elliptical  de¬ 
formation  of  the  vortex,  (b)  a  shift  of  two  oppositely-signed  sectors,  and  (c) 
a  rotation  of  the  vortex  with  respect  to  the  strain  axes.  It  is  found  that  the 
vortex  is  stable  to  elliptical  deformations  provided  that  the  axes  of  the  ellipse 
are  parallel  to  the  axes  of  the  strain  flow,  in  which  case  the  vortex  pulsates 
quasi-periodically.  Shifting  two  sectors  leads  to  vortex  translation  or  destruc¬ 
tion,  depending  on  whether  the  shift  is  made  towards  the  unstable  or  stable 
directions  of  the  strain,  respectively.  Finally,  when  the  quadrupolar  vortex  is 
rotated  with  respect  to  the  strain  axes,  two  sectors  of  equally-signed  vorticity 
merge  to  form  an  elongated  vortex,  while  the  other  two  sectors  are  stretched 
and  reduced  to  thin  filaments  along  the  strain’s  unstable  direction. 


VORTEX  MERGING  IN  QUASIGEOSTROPHIC  FLOWS: 

A  LAGRANGIAN  VIEW 

J.  von  Hardenberg,  A.  Provenzale 
(Istituto  di  Cosmogeofisica,  Torino,  Italy) 

J.  C.  McWilliams,  A.  Shchepetkin 

(Dept.  Atmospheric  Sciences,  UCLA,  Los  Angeles,  USA) 
J.  B.  Weiss 

(PAOS,  University  of- Colorado,  Boulder,  USA) 

We  study  the  merging  of  same-sign  vortices  in 
baroclinic,  quasi -geos trophic  flows.  We  discuss 
the  dependence  of  the  merging  process  on  the 
aspect  ratio  of  the  merging  eddies  and  on  the 
type  of  vertical  boundary  conditions. 

A  Lagrangian  picture  of  the  merging  process  is 
provided  by  the  time  evolution  of  the  distribution 
of  a  large  number  of  passively  advected  particles. 


STAAARTE  STAARTE  Workshop 


Convener:  Krautstrunk,  M. 


ON  THE  PROBLEM  OF  A  CURRENTS  PERIODICAL  STRUCTURE 
IN  THE  VICINnY  OF  SEAMOUNTS  IN  A  TIDAL  SEA 

V.N.Zyiyanov  (  Water  Problems  Institute  of  Russian  Academy  of 
Sciences,  10  Novaya  Basmannaya,  Box  231,  Moscow  ,  107078, 
Russia,  Fax:  +7-095-2651887,  E-mail:  ^@i wapr.msk.su) 

In  a  frame  of  the  nonviscous  quasi-geostrophic  model  (NVQG-model) 
of  a  homogeneous  ocean  on  a  f-plane  the  dynamics  of  topographic  and 
carried  eddies  in  a  vicinity  of  an  isolated  seamount  in  a  tidal  sea  are 
investigated  by  the  Contour  Dynamics  Method.  The  follo'urag  cases 
are  examined:  a)  the  pure  oscillatory  tidal  current  with  degraded  tidal 
ellipse;  b)  the  tidal  current  with  nondegraded  ellipse;  c)  the  tidal 
current  with  a  background  component.  It  was  shown  that  the  carried 
eddy  evolution  has  nontuming  nature.  The  instability  of  the  second 
mode  plays  the  determining  part  in  its  dynamics  that  leads  to  a  decay  of 
the  carri^  eddy  on  two  parts.  Therefore  it  is  impossible  to  obtain  the 
periodical  vortex  structure  in  a  frame  of  NVQG-model.  The  viscous 
QG-model  is  examined. 

The  research  was  supported  by  Grant  INTAS  (No.94-3614). 


ATMOSPHERIC  FIELD  STUDY  IN  THE  LISBON  REGION 

Miguel  Coutinho'.  Carlos  Borrego'-,  Nelson  Barros^  and  M.J.  Valinhas’ 

I-  IDAD  Institute  of  Environment  and  Development,  University  of  Aveiro,  3810 
AVEIRO- Portugal 

2  -  Department  of  Environment  and  Planning,  University  of  Aveiro 
E-mail:  msc@ua.pt.  Fax:  351-34-382876 

In  order  to  study  mesoscale  atmospheric  systems  and  to  be  able  to  describe  air 
pollutants  dispersion  patterns  it  is  necessary  to  obtain  a  more  detailed  characteriza-tion 
than  the  available  through  regular  networks.  As  a  result  of  this  concern  a 
meteorological  campaign  was  conducted  between  July  8"'  and  18“'  1997  in  the  region 
of  Lisbon.  Lisbon,  with  a  total  population  of  3.5  million  inhabitants  is  built  in  a  very 
complex  topographic  region,  dominated  by  a  320  km“  large  estuary  and  multiple  hills, 
surrounded  by  small  mountain  ranges  reaching  heights  over  400  m  above  sea  level. 

A  surface  network  including  meteorological  and  air  quality  measurements  was  in 
continuous  operation  during  the  period  of  the  campaign.  The  field  campaign  was 
organized  in  conjunction  with  the  STAAARTE  program.  Under  STAAARTE,  four 
ARAT  flights  were  performed.  The  main  objective  of  the  flights  was  to  track  the  mass 
of  pollutants  emitted  in  the  central  part  of  Lisbon  and  follow  the  transport  patterns. 
Special  interest  was  concentrated  in  the  collection  of  experimental  data  to  describe  the 
sea  breeze  front  penetration  and  the  formation  of  an  ozone  plume  over  the  Tejo 
estuary. 

This  paper  includes  a  thorough  description  of  the  field  campaign  structure ,  as  well  as  a 
presentation  of  the  main  conclusions  of  this  project. 
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CHARACTERIZATION  OF  TROPOSPHERIC  AEROSOLS  IN  THE  EASTERN 
MEDITERRANEAN  FROM  AIRBORNE  AND  OTHER  MEASITIEMENTS 
DURING  THE  JUNE  1997  STAAARTE  CAMPAIGN. 

Dulac  D.  Filippi.  H.  Cachier,  U.  Ezau  J.  C.  Le  Roulley,  D.  Paronis*  (Centre  des. 
Fatbles  Radioactivites,  CNRS-CEA,  F  9 1 198  Gif-Sur- Yvette.  France)  ('on  leave  from 
Dpt.  Environmental  Studies,  Univ.  of  the  Aegean.  GR-SIIOO  Mytilene.  Greece) 

P.  Chazette.  E.  Hamonou  (Laboraioire  de  Modelisation  du  Climat  et  de  IVrquote 
Environnement.  CEA.  F-91 191  Gif-Sur-Yvette.  France) 

N.  Mihalopoulos.  G.  Kouvarakis  (Department  of  Chemistry.  University  of  Heraklion. 
GR-71409  Heraklion.  Greece) 

A.  Gaudichet.  S.  Caquineau.  R.  Losno.  G.  Malingre.  J.  P.  Quisefit  (Laboratoire 
Intcruniversitaire  des  Systemes  Atmospheriques.  CNRS-Universites  Paris  7  &  12. 
F-94010  Creteil.  France) 

F.  Albers  (Institut  ftlr  Atmospharenphysik.  GKSS  Forschungszentrum,  D-31502 
Geesthacht.  Germany). 

M.  Wirdth.  M.  Krautstnink  (DLR  Oberpfaffenhoffen,  D-82234  Wessling.  Germany). 

We  present  results  on  the  composition,  size  distribution,  vertical  and  horizontal 
distribution  of  tropospheric  aerosol  particles  from  airborne  measurements  performed 
in  the  eastern  Mediterranean  during  the  June  1997  campaign  of  the  European  TMR 
Programme  STAAARTE.  and  from  accompanying  measurements  made  in  the  frame 
of  the  European  Environment  and  Climate  Programme  MEDUSE.  On  June  7  and  10. 
we  flew  aboard  the  DLR  research  FALCON  20  between  continental  Greece  and  Crete. 
Airborne  instrumentation  included  optical  systems  for  in-situ  particle  sizing, 
meteorological  and  radiation  measurements.  The  downward  viewing  lidar  system 
ALEX  was  used  on  June  7.  On  June  10,  instead  of  ALEX  we  tested  an  electronically 
controlled  Isokinetic  probe  for  aerosol  sampling  (cf  contribution  by  Filippi  and  Le 
Roulley)  and  an  aethalometer  for  aerosol  absorption  mea.surement  and  carbonaceous 
aerosol  sampling.  Additional  airborne  aerosol  sampling  by  impaction  on  membrane 
filters  wa.s  done  for  laboratory  microscopic  investigations.  Additional  accompanying 
measurements  included  ground-based  aerosol  measurements  of  aerosol  concentration, 
composition  and  optical  depth  on  the  northern  coast  of  Crete,  and  Meteo^t  and 
AVHRR  aerosol  remote  sensing.  We  combine  available  results  to  characterize  nvo 
frequent  cases  of  large-scale  high  aerosol  load  in  the  eastern  Mediterranean;  (i)  the 
presence  of  a  residual  dust  layer  over  the  marine  boundary  layer  associated  with  a 
recent  African  dust  transport  event  (June  7),  and  a  highly  polluted  marine  boundary 
layer  (June  10). 


Abstract!  STAAARTE  AND  THE  MRF  C.130  RESEARCH  AIRCRAFT 
Dr  .t.S.Foot  &  Mr  D.R.Kindred 

Meteorological  Reseaieh  Flight.  DERA,  Fambofough,  Hants,  GtJ14  OLX.  UK. 


The  MRF  C-130  aircraft  has  been  selected  by  EU  as  a  Large  Scale  Facility  {LSF), 
along  with  the  French  ARAT  Fokker  27  and  German  Falcon  20  aircraft.  It  is  available  for 
research  by  European  scientists  under  the  TMR/LSF  programme  STAAARTE  (Scientific 
Training  and  Access  to  Aircraft  for  Atmospheric  Research  Throughout  Europe).  Scientific 
user  groups  interested  but  inexperienced  in  gathering  meteorological  data  from  aircraft 
can  request  access  through  STAAARTE.  An  independant  Allocation  Committee  will 
select  suitable  proposals  to  be  flown.  Thereafter,  a  facilitator  at  the  LSF  will  guide  the 
user  through  the  whole  campaign. 

The  C-130  aircraft  carries  a  very  wide  range  of  insmimeniation  to  support  the 
research  undertaken  for  these  selected  user  groups.  The  following  can  be  measured: 


(a)  Aircraft  position,  speed  and  attitude 

(b)  Atmospheric  structure  and  turbulence 

(c)  Atmospheric  radiation 

(d)  Cloud  Physics  properties 

(e)  Aerosol  properties 

(f)  Atmospheric  composition 

(g)  Surface  properties. 

The  collection  of  data  is  automated  and  the  scientists  on  board  can  see  the 
measurements  displayed  in  teal  time  in  a  graphical  form.  This  allows  good  planning  of  the 
flights  to  be  made  and  ensures  the  mission  objectives  are  met.  Data  processing  begins  as 
.soon  as  the  aircraft  lands,  so  that  calibrated  data  ate  normally  available  to  scientists  soon 

•olb  aasell  aiKwraA'c  Fanafviltri^c 

Coastal  Boundary  Layers  in  the  Baltic  Sea 
Jorgen  Hojstrup 

Wind  Energy  and  Atmospheric  Physics  Department 
Rise  National  Laboratory 
Roskilde,  Denmark 

The  adjustment  of  the  flow  in  coastal  areas,  going  from  land  to  sea  is  quite  drastic,  the 
roughness  length  decreases  by  several  orders  of  magnitude  and  the  atmospheric 
stability  changes  significantly.  The  rate  of  this  adjustment  of  mean  flow  and 
turbulence  to  a  new  set  of  equilbrium  values  is  veiy  much  dependent  on  stability, 
where  especially  stable  conditions  are  interesting  because  the  suppression  of 
turbulence  associated  with  stable  layers,  prolongs  the  adjustment  of  the  coastal  internal 
boundary  layers  and  additionally  can  cause  phenomena  like  low-level  jets. 

These  coastal  boundary  layers  were  investigated  in  the  VCAP  campaign  flown  around 
the  Swedish  island  of  Gotland.  Vertical  profiles  gave  information  about  the  general 
structure  of  the  boundary  layer,  straight  and  level  flights  perpendicular  to  the  coast 
reveals  the  extent  of  the  internal  boundary  layers  offshore  and  flights  along  the  coast 
tell  us  about  the  horizontal  homogeneity  of  the  flow.  The  VCAP  campaign  took  place 
during  conditions  of  predominantly  stable  conditions  over  the  Baltic  Sea.  Initial 
analysis  of  flight  data  are  shown  together  with  simultaneous  fixed  platform 
measurements  off  the  East  coast  of  Gotland. 


Abstract!  STAAARTE  AND  THE  MRF  C-130  RESEARCH  AIRCRAFT 
Dr  T.S.F00I  &  Mr  D.R.Kindred 

Meteorological  Research  Flight,  DERA,  Famborough,  Hants.  GU14  OLX,  UK. 


The  MRF  C-130  aircraft  has  been  selected  by  EU  as  a  Large  Scale  Facility  (LSF), 
along  with  the  French  ARAT  Fokker  27  and  German  Falcon  20  aircraft.  It  is  available  for 
research  by  European  scientists  under  the  TMRILSF  programme  STAAARTE  (Scientific 
Training  and  Access  to  Aircraft  for  Atmospheric  Research  Throughout  Europe).  Scientific 
user  groups  interested  but  inexperienced  in  gathering  meteorological  data  from  aircraft 
can  request  access  through  STAAARTE.  An  independant  Allocation  Committee  will 
select  suitable  proposals  to  be  flown.  Thereafter,  a  facilitator  at  the  LSF  will  guide  the 
user  through  the  whole  campaign. 

The  C-130  aircraft  carries  a  very  wide  range  of  instrumentation  to  support  the 
research  undertaken  for  these  selected  user  groups.  The  following  can  be  measured: 

(a)  Aircraft  position,  speed  and  attitude 

(b)  Atmospheric  structure  and  turbulence 

(c)  Atmospheric  radiation 

(d)  Cloud  Physics  properties 

(e)  Aerosol  properties 

(0  Atmospheric  composition 
(g)  Surface  properties. 

The  collection  of  data  is  automated  and  the  scientists  on  board  can  see  the 
measurements  displayed  in  real  time  in  a  graphical  form.  This  allows  good  planning  of  the 
flights  to  be  made  and  ensures  the  mission  objectives  are  met.  Data  processing  begins  as 
soon  as  the  aircraft  lands,  so  that  calibrated  data  are  normally  available  to  scientists  soon 
after  the  flight.  The  talk  will  illustrate  the  aircraft's  capabilities. 

USE  OF  C-130  AIRBORNE  MEASUREMENTS  IN  THE  VERIFICATION  OF 
SATELLITE  ALBEDO  MEASUREMENTS  IN  THE  NORTHERN 
NOPEXAVINTEX  AREA 

M.Kangas.  V.  Lainc  and  M.  Heikinheimo 

Finnish  Meteorological  Institute,  P.O.Box  503,  FIN-00101  Helsinki,  Finland 
Fax :  +358-9-19294103,  E-mail :  Markku.Kangas@fmi.fi 

In  the  context  of  WINTEX  programme,  airborne  measurements  in  Sodankyla, 
northern  Finland,  were  conducted  in  March  1997.  WINTEX  is  an  acronym  for  a 
project  aiming  at  the  planning  of  a  future,  full-scale  winter-time  Concentrated  Field 
Effort  (Cre)  within  EU-funded  NOPEX  programme,  the  aim  of  which  is  to  study 
land-surface  processes  at  a  regional  scale  for  a  mixed  land  cover  dominated  by  boreal 
forest  TTie  airborne  measuremenu  were  accomplished  with  the  support  of  European 
Union’s  STAAARTE  programme.  The  flights  were  performed  with  a  Lockheed  C- 
130  Hercules  aircraft  operated  by  the  Meteorological  Research  Flight  of  the  UK 
Meteorological  Office  in  Famborough,  United  Kingdom. 

In  this  study,  an  analysis  of  ground  albedo  based  on  airborne  measurements  is 
presented.  Albedo  is  strongly  dependent  on  the  ground  properties,  and  especially 
snow  cover  can  have  a  drastic  effect  on  it.  To  properly  account  for  albedo  is  very 
important  in  climatic  and  weather  forecast  models.  Albedo  is  usually  approximated 
using  satellite  images.  A  significant  problem  is  how  to  account  for  the  effects  of 
atmosphere  as  well  as  small  scale  spatial  changes  in  albedo.  Close-to-ground 
measurements  ftom  aircraft  are  an  important  means  to  calibrate  the  methods  for 
satellite-based  albedo  estimates.  In  the  analysis,  aircraft-based  albedo  has  been 
compared  with  values  obtained  from  satellite  images. 

The  measurement  flights  were  supported  by  the  European  Community  Programme  for 
the  Training  and  Mobility  of  Researchers. 


DLR.  FALCON!  A  RESEARCH  AmCRAFT  AS  MULTISENSOR  PLATFORM 


Rcaearcb  Flight  pKility,  OeimaD  AiBospace  Ceater,  ObRp&ffenho&n 
Moniki.Kntitstn]jtk@dlr.dc/Faxzr49-8153-28-l347 

DLR  Ftlceo  20  E,I>CMET,  has  bwn  selected  by  EU«  large  scale  6ciliiy(^SF).  This 
twin  jet  pcopuliioo  aiienfl  well  ei^eiienced  in  tropospheric  end  ittaWspheric  lesaereh 
Bights  is  avsilsblc  for  EurqieaD  scientists  within  the  EU-TMR  program:  STAAAARTE.  j 
Scientists  inteiesled  but  unexperienced  in  meteorological  ehemi^  ec  remote  sensing  data 
fiom  sirenft  measurements  an  ask  Ibr  aircraft  access.  Once  seleeled.  they  will  get  tte 
opportunity  eithsr  to  choose  their  own  individual  sensor  package  neocessaiy  fcr  their 
scientific  aim  out  from  a  broad  collection  of  basic  end  optional  sensors  available  at  DLR 
or  they  will  be  invited  to  bring  their  own  insttunints  on  board  A  hcUitator  of  the  LSF 
will  guide  the  STAAARTE  user  tiitoughoiil  4e  whole  can^gn.  The  trainees  will  be 
instiucled  in  oU  Innns  that  are  related  to  an  aircraft  campaign  such  as:  how  to  gri  1 
eertifieation  for  mstnanents  wbiob  has  »ver  flown  on  board  before;  how  to  ftepm  flight 
patterns  according  to  sientific  eonstraints,  siet  restrictions  and  sit  Itsflic  managemoil 
restrictions;  how  to  design  sir  inlet/outlet  systems  for  various  puiposes;.  how  to  sample 
and  store  data  via  an  own  or  DLR  data  aquisition  tool.  How  to  organixe  and  prepare 
individual  on  board  data  quiekloOks.  Trainees  will  be  introduced  in  tfae  special  ^tures 
and  UmitotioDs  of  instniment  use  and  data  processing  of  aiibome  research.  The  will  get  s 
deep  insight  in  the  Bight  Gwility  operating  the  aircraft  as  well  as  in  the  institutos 
opoeting  the  optional  sensois.  They  can  knit  intenelatiooship  to  scientific  groups  of  DLR 
operating  senson  of  common  interest.  After  that  training  the  new  users  should  be  able  to 
act  as  finure  principle  investigator  in  internstional  airersft  campaigns. 


C1157 


ST.W.VR'IF. 


AIRBORNE  MICROWAVE  RADIOMETER  MEASUREMENTS  ON  AN 
AGRICULTURAL  SITE  :  THE  IROE-STAAARTE  MISSION. 

O.Macelloni.  S.Paloscia,  P.Pampaloni,  C.Susini  and  R  Ruisi 
IROE-CNR  Firenze, Italy 

fax:  +39  55  4235290,  e-mail:  microrad@iroe.fi.cnr.it 

This  paper  presents  an  overview  of  the  results  obtained  during  the  IROE- 
STAARTE  mission  on  May  1997on  the  agricultural  site  of  “Les  Alpilles  “  ( South 
of  France),  which  is  a  test-site  for  the  EC  ReSeDA  project.  The  main  objective  of 
this  project  is  the  monitoring  of  soil  and  vegetation  processes  using  multisensor 
and  multitemporal  observation.  The  role  of  IROE  (co-investigator  in  this  project) 
vras  to  evaluate  the  biophysical  characteristics  of  different  agricultural  crops  (le. 
moisture,  biomass)  by  using  microwave  radiometer,  and  the  synergy  between  these 
sensors  and  SAR  or  infrared  radiometer.  The  measurements  were  made  by  the 
French  airplane  ARAT  (STAAARTE  program)  equipped  with  IROE  ( Instrument 
for  Radio  Observation  of  the  Earth)  microwave  radiometer  (horizontal  and 
vertical  polarization)  at  6.8  and  10  GHz  of  central  frequencies  and  ftvo  infrared 
radiometers.  Two  different  flights,  at  two  different  incidence  angle  20  and  40  degs. 
were  carried  out  on  May  1st  and  20  to  observe  the  development  of  agricultural 
crops  on  several  test  fields.  To  control  the  crop  and  soil  properties  an  intensive 
ground  measurement  campaign  was  carried  out  during  the  plant  groivth  cycle.  The 
results  confirm  a  great  sensitivity  of  microwave  emission  to  different  crop  type  and 
biophysical  characteristics.  In  particular  the  capability  to  classify  the  different  crop 
type  and  the  sensitivity  to  soil  moisture  was  investigated 


TRANSBOUNDARY  FLUX  MEASUREMENTS  FOR 
PHOTOCHEMICAL  .MODEL  VALIDATION  IN  FLANDERS 

C.  Mensink  and  W.  Debruyn 

VITO  -  Centre  for  Remote  Sensing  and  Atmospheric  Processes 
Boeretang  200,  B-2400  Mol,  Belgium 
E-mail:  mensinkc@vito.be ;  dbruynw@vito.be 

One  of  the  most  actual  topics  in  environmental  policy  in  Flanders.  Belgium 
deals  with  photochemical  smog  episodes'  during  summertime.  During  the 
summer  of  1995,  32  days  were  reported  with  hourly  concentrations 
exceeding  180  pg/m*.  In  order  to  provide  support  for  environmental  policy 
decisions,  regional  scale  photochemical  transport  models  as  well  as 
statistical  prediction  models  have  been  implemented.  The  photochemical 
transport  models  have  not  been  validated  specifically  for  photochemical 
smog  episodes  in  Flanders  so  far. 

The  STAAARTE  project  "Transboundary  Flux  Measurements  for 
Photochemical  Model  Validation  in  Flanders  (TFLUX)"  will  be  carried  out 
within  the  period  early  July  -  early  September  1998  and  will  focus  on  the 
validation  of  computer  models  that  are  able  to  simulate  photochemical 
smog  episodes.  The  objectives  are:  1)  Measurements  and  calculation  of 
trans-boundary  mass  fluxes  of  orone,  NOx  and  NMHC.  2)  Provide  a  three- 
dimensional  picture  of  the  photochemical  smog  distribution  in  Flanders, 
and  3)  Validation  of  photochemical  transport  models,  focussing  on  the 
individual  contributions  of  horizontal  advection.  vertical  advection  and 
photochemical  production,  which  is  crucial  to  any  understanding  of  smog 
formation. 

The  presentation  gives  a  brief  overview  of  the  objectives  of  the 
experiment,  the  key  chemical  components  and  meteorological  parameters 
to  be  measured  and  the  flight  pattern  which  will  be  flown  (sortie  brief). 


MAPPING  SURFACE  AND  ATMOSPHERIC  CONDITIONS  FOR  ENERGY  BALANCE 
STUDIES  IN  ARID  VEGETATED  AREAS.  BY  USING  A  COMBINATION  OF  SENSORS 
ON  BOARD  THE  DLR-FALCON  20E5  D-CMET  AIRCRAFT 

J.  Moreno^  J.  Fonea^  J.  del  Pino^.  I.  Cadima^.  A.  Jochum^,  R.  Baumann^.  V.  Aman®.  A.  Gicz^,  D,  Zander^  F 
Rosier',  M.  Krautstnink’ 

1  Remow  Sensing  Unit  -  Faculty  of  Physics.  University  of  Valencia  .  2  National  Institute  of  Meteorology.  Sevilla. 
Swn,  3  National  Foresul  Station.  Usbon.  Portugal.  4  Department  of  Meteorology.  Wageniogen  Agricultural 
University,  5  DLR  •  Institute  of  Atmospheric  Physics,  Ooerpfaffenhofen.  Germany.  6  DLR  -  (astiruie  of 
Optoelecttonics.  Oberpfaffenhofen.  Germany.  7  DDR  -  Research  Flight  Facility.  Obetpfaffenhofen.  Germany 


In  July  1997  two  successfiil  flights  were  carried  out  in  areas  of  Spain  and  Portugal  under  the  framework  of  the 
CTA^RTE  (Scientific  Training  and  Access  to  Aircraft  for  Atmosrtseric  Research  Throughout  Europe)  Programme.  A 
80  Ion  line  is  Casdlla-La  Mancha.  Spain,  and  another  50  km  line  isEvora.  Portugal,  were  covered  ai  three  al^de  levels 
to  allow  multiscale  studies  with  the  derived  multi-resolution  remote  sensing  data.  Apart  from  aimospheric  basic  sensors 
radiauon  ai^  turbulence  sensors,  on  board  the  aircraft  were  a  12-channels  Daedalus  scanner,  a  color  infrared  metric 
camera,  an  integraong  nephelometer  and  a  LAS-X  to  measure  aerosol  particle  size  distribution,  the  400  km  line  joining 
both  study  areas  was  also  covered  with  some  of  the  sensors  to  allow  snidies  of  low  frequency,  large  coverage,  spadal 
vanability,  eqmially  for  atmospheric  parameters. 

Two  were  mainly  the  scientific  objectives  of  this  STAAARTE  flights:  a)  Combined  analysis  of  spadai  variability  in 
surface^  atmospheric  parameters,  including  muld-resoludon  information.  Unfominately.  la  previous  field  campaigns 
Wiiwi^ric  data  and  surface  data  (remotely  sensed)  were  not  simultaneously  available.  Then,  the  analysis  became 
limited  due  to  the  quick  len^al  changes,  especially  in  atmospheric  pararneters  (including  radiation  terms)  The 
capability  of  having  strictly  simultaneous  data  will  allow  strict  tests  of  spuial  variability  by  means  of  advanced  statistical 
techniques.  Mukiresolulion  remote  sensing  data  (as  derived  from  three  flight  altitudes)  provide  surface  parameten.  and 
atirwipheric  parameten  were  continuously  a^uired  in  the  three  flight  levels,  so  that  vertical  variability  plus  horizontal 
variability  can  be  also  studied  for  atmospheric  parameters,  b)  Obtain  surface/atmosphere  paraiwten  from  absohicely 
^ibrated  remote  sensing  data  by  using  theoretic  model  inversion  techniques  applied  to  atmospherically  corrected  data 
The  lack  of  absolutely  well  calibrated  remote  sensing  data  has  been  a  major  problem  in  the  past  to  wply  advanced 
ugorithim  to  acmai  data.  Once  ^solutely  calibrated  data  are  available,  one  can  ^ly  sophisticate  techniqw  for  surface 
information  retrieval.  Although  several  techniques  have  been  dcvelc^  in  previous  experimenu,  application  of  these 
^hmques  have  been  limited  to  AVIRIS  and  few  other  data,  due  to  the  dimculiies  imposed  by  deficient  calibrations 
STAAARTE  data  will  be  then  an  opportunity  to  test  and  improve  the  existing  methodology. 

Although  the  initial  goal  of  STAAARTE  activities  were  mainly  focused  in  training  activities,  significant  amount  of 
scientific  results  are  expected  from  the  analysis  of  such  large  amount  of  data,  and  the  resulting  database  will  represent  a 
source  for  research  and  training  activities  in  the  field  for  the  next  coming  years. 


DEVELOPMENT  OF  THE  PLANETARY  BOUNDARY  LAYERHTIEE 
TROPOSPHERE  HEIGHT  OVER  A  HIGH-ALPINE  MOUNTAIN  STATION: 
TIME-SERIES  STUDY  OF  AIRBORNE  LIDAR  TRANSECTS 

S.  Nyeki*’^,  M.  Kalberer^,  I.  Colbeck’,  U.  Baltensperger^,  A.  Petzold^ 

F.  Schroder^,  M.  Wirth’,  M.  Krautstrunk’  and  F.  Rosier’ 

'  Inst.  Env.  Res.,  Univ.  of  Essex,  Colchester,  England;  ’Paul  Scherrer  Institute, 
Switzerland;  ’  DLR,  Oberpfaffenhofen,  Germany. 

Under  the  recent  STAAARTE  programme,  airborne  measurements  of  climatically 
important  aerosol  parameters  were  measured  up  to  12  km  altitude  above  the  Jung- 
fiaujoch  (JFJ)  high-alpine  research  station  (3454  m)  in  Switzerland.  Simultaneous  in 
sim  measurements  at  the  station  were  conducted  to  investigate  the  extent  of  the 
planetaiy  boundary  layer  (PBL)  and  to  assess  how  representative  the  site  is  of  the 
free  troposphere  (FT).  Multiple  passes  within  a  43  km  x  37  km  grid  allowed  the 
development  of  the  PBL  over  terrain,  ranging  from  600  -  4270  m,  to  be  monitored 
using  the  DLR  ALEX  Lidar  system.  A  time  series  of  6  transects  over  the  JFJ  station 
showed  that  the  PBL/FT  boundary  was  surprisingly  uniform  in  height  and  spatial 
extent  either  side  of  the  alpine  watershed.  The  PBL/FT  boundary  rose  from  about 
2500  m  at  0800  hrs  (LST  =  UTC  +  1)  to  about  4000  m  at  1300  hrs  and  remained 
there  till  the  last  transect  at  1630  hrs.  These  are  the  first  comprehensive  spatial 
results  rather  than  in  situ  measurements  to  confirm  that  the  diurnal  variation  in 
aerosol  concentration,  observed  at  most  mountain  stations,  needs  to  be  considered  in 
terms  of  convective  transport  and  not  just  photochemical  production. 


AIRBORNE  OZONE  DIAL  MEASUREMENTS  OVER  GREECE  ON 
BOARD  THE  FRENCH  ARAT  AIRPLANE  DURING  THE  STAAARTE  ‘96 
CAMPAIGN 

A.  Papayatmis  (I).  D.  Balis  (2),  E.  Galani  (2),  G.  Ancellct  (3).  I.  Ziomas  (2)  and  E. 
Kosmidis  (2) 

(1)  Physics  Department.  National  Technical  Universify  of  Athens.  Greece 

(2)  Laboratory  of  Atmospheric  Physics,  Aristotle  Universify  of  Thessaloniki. 
Greece 

(3)  Service  d’Aeronomie  du  CNRS,  France 
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Airborne  DIAL  measurements  of  the  vertical  profile  of  ozone  in  the  lower 
troposphere  were  performed  over  Greece  in  September  1996  using  the  ARAT 
aircraft  equiped  with  the  ALTO  Ozone  DIAL  system,  convetional  gas  analysers, 
radiation  and  meteorological  instruments  Flights  along  the  urban  plumes  of 
Athens  and  Thessaloniki  have  been  carried  out.  as  well  as  flights  over  two 
thermoelectric  power  plants.  The  flight  level  was  around  34  km  heigm  with  a  lime 
resolution  of  1-2  min.  The  distribution  of  ozone  along  the  Right  paths  is  discussed 
and  related  to  the  emissions  of  the  anthropogenic  activities  below  the  measuring 
points.  The  obtained  data  set  is  compared  with  measurements  over  the  Agcan  Sea 
which  conesond  to  background  conditions  for  the  area  and  show  enhanced 
background  values  of  ozone  in  the  lower  troposphere. 


STAAARTE  Airborne  Measurements  -  Results  from  southern  WINTEX  region 

T.  Persson  (Instimte  of  Earth  Sciences,  Uppsala  University,  Villavagen  16,  S-752  36 
Uppsala,  SWEDEN) 

During  the  third  intensive  observation  period  of  NOPEX  (A  Northern  Hemisphere 
Land  Surface  Climate  Processes  Experiment),  the  WINTEX,  aircraft  based 
measurements  of  aimospheric  quantities  and  remotely  sensed  land  surface  conditions 
were  performed.  The  WINTEX  took  place  throughout  March  1997  and  measurement 
flights  were  performed  during  a  total  of  four  days  at  the  nvo  NOPEX  regions,  the 
southern  region  at  Uppsala  in  central  Sweden  and  the  northern  at  Sodankyla  in 
northern  Finland.  The  instrument  platform  utilised  is  a  Lockheed  C-130  aircraft 
operated  by  the  Meteorological  Research  Flight  (MRF)  at  Famborough,  UK.  The 
aircraft  is  fitted  with  instruments  measuring  basic  atmospheric  variables,  atmospheric 
radiation,  cloud  physics,  aerosols  and  atmospheric  chemistry.  The  flights  are  recorded 
with  forward  and  downward  looking  video  cameras  as  well  as  with  hand-held 
equipment.  Results  from  the  flights  in  the  southern  NOPEX  region  around  Uppsala 
during  the  14th  and  18th  of  March  will  be  presented.  The  aircraft  measurements  were 
performed  in  a  triangular  pattern  at  several  heights  over  the  region  and  level  runs  and 
profile  descends  and  ascends  were  performed  at  two  sites  with  intensive  ground  and 
tower  measurements.  Preliminary  results  from  the  flights  around  the  Marsta 
Meteorological  Observatory  (MMO)  agricultural  site  and  the  Norunda  Central  Tower 
(CTS)  forest  site  will  be  presented.  The  results  from  aircraft  measurements  over  the 
MMO  and  CTS  sites  has  been  compared  and  differences  between  the  agricultural  and 
forest  sites  will  be  discussed. 
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EVALUATION  OF  MIXING  HEIGHTS  AND  OZONX  PROHLES 
DEDUCED  FROM  GROUND-BASED  MEASUREMENTS  ANT)  REMOTE 
SENSING  BY  AIRCRAFT 

Manin  Piringer,  Kathrin  Baumann,  Franz  Traher 

Central  Institute  for  Meteorology  and  Geodynamics  (ZAMG),  Vienna,  Austria 
martin.piringer@zamg.ac.at.  Fax:  +43/1/36026/74 

The  Austrian  Research  Fund  approved  and  funded  a  research  project  „Dispersion  of 
atmospheric  trace  elements  in  an  urban  area  -  taking  the  City  of  Graz  as  an 
example"  consisting  of  numerical  simulations  with  the  Graz  Mesoscale  Model 
GRAMM  to  investigate  the  dispersion  and  conversion  of  air  pollutants  in  a  generally 
poor-ventilated  urban  area  under  predominantly  anticyclonic  summer  and  winter 
conditions.  ZAMG  will  provide  the  necessary  meteorological  vertical  soundings  by 
Sodars  and  tethersondes  and  turbulence  measurements  by  an  ultrasonic  anemometer. 
Boundary  layer  parameters,  the  mixing  height  and  the  vertical  distribution  of  ozone 
will  be  obtained  up  to  a  height  of  approx.  1000  m.  The  airborne  LIDAR 
observations  as  well  as  ozone  profiles  from  the  UV  absorption  ozone  photometer 
provided  by  the  Falcon  20-ES  of  DLR  during  STAAARTE  will  extend  these 
measurements  throughout  the  mixed  layer.  The  flight  measurements  will  be 
performed  in  the  summer  of  1998  in  the  course  of  an  ozone  episode,  especially 
during  noon  and  in  the  evening  transition  period.  A  comparison  and  a 
meteorological  evaluation  between  airborne  and  ground-based  mixing  height 
estimates  and  ozone  profile  measurements  will  be  carried  out. 


The  STAAARTE  -  Projeef 

(gcienlUlc  Training  and  Access  to  Mrcraft  for  Atmoiphcrlc  Bescarch  Xbrougbout 
£uropc) 

F.  Raster 

Head  Research  Flight  Facility,  German  Aerospace  Centre,  Obeipfaffenhofen 
frank.roeslcf@dlr.de/Fax:+49-fi  1 53-28-1347 

Under  the  Human  Capital  and  Mobility  (HCM)  Programme,  the  European  Community's 
Access  to  Large-Scale  Facilies  (LSF)  Activity  was  developed  on  the  basis  that  sharing 
Europe's  resources  in  lenns  of  large-scale  facilities  makes  sense  not  only  economically 
but  also  icientirically.  By  providing  researchers  with  access  to  faeilides  outside  their 
own  countries,  it  promotes  the  mobility  of  researchers  and  encourages  the  creadon  of  a 
Europe-wide  research  community. 

There  is  a  wide  variety  of  research  objectives,  in  fields  such  os  atmospheric  and 
environmental  sciences,  which  increasingly  depend  on  the  availability  of  high-capability 
research  aircraft  (large-scale  facilities).  Within  the  EU-project;  'STAAARTE  3  unique, 
extensively  modified  and  instrumented  research  aircraft  including  all  linked  services  of 
the  flight  facilities  are  made  available  to  researchers  in  all  EU  countries:  the  Hercules 
aircraft  C-130  of  the  UK  Meteorological  Research  Plight  (MRF),  the  ARAT  aircraft  f-27 
of  the  Institut  National  des  Sciences  de  TOnlvers/CNRS  (INSU)  and  the  falcon  20  of  the 
German  Aerospace  Center  (DLR),  The  STAAARTE  project  covers  all  costs  for  the 
usage  of  the  aircraft,  the  operation  of  the  instrumentation,  travel  and  subsistence.  Per 
aircraft  about  10  STAAARTE-iraineei  will  have  access  to  about  8-9  flight  measuring 
flight  houis.The  euirent  STAAARTE  contract  ends  in  1998.  An  extension  of  the 
STAAARTE  project  until  2000  is  presently  negotiated  with  die  EC. 
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Vrije  Universiteit-Amsterdam 
the  Netherlands 


ABSTRACT 

Multi-frequency  passive  microwave  measurements  were  obtained  by  the  airborne 
multi-ftequency  radiometers  Deimos  (24  and  50  GHz)  and  MARSS  (89  and  157  GHz) 
over  the  southern  NOPEX  test  site  near  Uppsala,  Sweden  in  March  1997.  These 
measurements  were  performed  in  order  to  determine  the  emissivities  of  the  boreal 
forest  and  the  adjacent  open  areas.  On  March  14  and  March  18,  the  C-130  of  the  UK 
Meteorological  Office  was  flown  in  a  triangular  pattern  at  different  altitudes  above 
ground  level.  During  the  first  flight  the  aircraft  flew  legs  at  500ft,  1000ft  (twice),  and 
3000fl,  while  on  the  second  flight  the  same  legs  were  flown  at  500ft,  1000ft,  and 
2500ft.  In  addition  to  the  passive  microwave  measurements,  the  airborne  filter 
radiometer  SAFIRE  made  measurements  using  the  0.615pm,  0.87pm  ,  10.9pra ,  and 
12pm  filters.  Some  results  from  the  above  flights  will  be  presented.  These  results  will 
help  us  obtain  a  better  insight  into  the  behaviour  of  high  frequency  signatures  from 
vegetation. 


CHAOTIC  DYNAMICS  FOR  SYMMETRY-BREAKING  PER¬ 
TURBATIONS  OF  INTEGRABLE  EQUATIONS 

A.  Calini  and  C.M.  Schober 

Old  Dominion  University,  Norfolk,  VA  23529-0077  US.A. 
schoberOmath , odu . edu 

It  is  well  known  that  for  certain  parameter  regimes  the  periodic  focusing  Non- 
Linear  Schrodinger  equation  (NLS)  exhibits  a  chaotic  response  when  the  system 
is  perturbed.  When  even  symmetry  is  imposed,  the  dynamics  is  characterized 
by  irregular  center-wing  flipping  of  the  wave  form  and  one  can  prove  persis¬ 
tence  of  transversal  intersections  of  the  invariant  manifolds  as  the  main  source 
of  homoclinic  chaos.  In  this  paper  we  examine  evenness  breaking  perturbations 
of  the  NLS.  Novel  types  of  chaotic  behavior  are  observed  for  the  non-even  case, 
including  solutions  which  exhibit  random  flipping  between  a  left  and  right  mod¬ 
ulated  traveling  wave.  This  behavior  is  related  to  an  extra  circle  symmetry  in 
the  problem  and  to  random  variations  of  the  sign  of  the  linear  momentum.  A 
Mel’nikov  analysis  interpretation  of  this  new  phenomena  is  provided. 
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CRITICAL  CONSIDERATIONS  ON  WIND 
CLIMATOLOGY  FROM  DIFFERENT  DATA  SOURCES 

L.  Cavaleri  and  L.  Bertotti  (Istituto  Studio  Dinamica  Grandi  Masse, 

San  Paolo  1364,  30125  Venice,  Italy). 

The  wind  climatology  in  an  enclosed  basin  from  three  different  data 
sources  is  analysed.  The  different  considered  sources  are:  the  traditional 
ship  reports,  an  operational  meteorological  model  and  a  simplified  wind 
model.  Evaluation  of  different  statistical  parameters  such  as  yearly  and 
seasonal  average  wind  in  the  whole  basin  as  well  as  in  the  three 
geographical  regions:  north,  centre  and  south  are  presented.  The 
differences  between  the  three  resulting  statistics  are  analysed  and 
disscussed,  leading  to  conclusions  on  the  reliability  and  limitations  of 
the  different  sources. 


GENERAL  ASPECTS  OF  MODELLING,  FORCASTING 
AND  ANALYZING  WIND-WAVE  FIELDS  AND  SEA  LEVEL 
RISING 

L.  Cavaleri  and  L.  Bertotti  (Istituto  Studio  Dinamica  Grandi  Masse, 

San  Paolo  1364, 30125  Venice,  Italy). 

An  overview  is  presented  of  the  present  accuracy  in  evaluating  a  wave 
field  in  different  weather  conditions.  In  the  case  of  extreme  events,  as 
for  example  high  waves  related  to  storm  surge,  a  good  modelling  of 
both  wave  fields  and  sea  elevation  is  essential.  In  the  different  regions, 
a  specific  knowledge  of  the  geographical  characteristics  of  a  particular 
location  is  needed  for  a  better  and  comprehensive  forecast  of  the  sea 
elevation  in  stormy  weather.  After  describing  the  present  results  and 
achieved  accuracy,  some  detailed  applications  in  specific  regions  will  be 
presented. 


STUDY  OF  A  STORM  SURGE  EVENT  IN  RIA  DE  AVEIRO,  PORTUGAL 
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Until  some  years  ago  it  was  generally  considered  that  storm  surge  in  Portugal  was 
very  small  and  was  not  a  true  problem  for  the  Portuguese  coastal  zone.  Recent 
systematic  studies  from  several  authors  show  that  the  maximum  level  of  storm  surge 
can  reach  more  than  1  m  at  Aveiro  tide-gauge  station  in  extreme  conditions. 

Ria  de  Aveiro  is  a  shallow  lagoon  in  the  Northwest  of  Portugal,  with  a  very  irregular 
and  complex  geometry  characterised  by  narrow  channels,  connected  with  the 
Atlantic  through  an  artificial  channel  and  supplied  with  fresh  water  by  two  major 
rivers,  Vouga  and  Antua.  This  lagoon  is  a  centre  of  population,  commerce,  industry 
and  recreation,  and  consequently  is  a  site  for  disposal  of  industrial,  agricultural  and 
municipal  wastes. 

In  this  work  is  presented  a  numerical  study  of  a  highly  significant  storm  surge  event 
that  occurred  on  14-16  of  October  1987,  with  a  maximum  level  of  storm  surge  of 
about  80  cm.  A  two-dimensional  depth  integrated  finite  difference  numerical 
hydrodynamic  model  was  used  in  order  to  predict  the  water  level  inside  the  lagoon. 
The  storm  surge  maximum  was  attained  during  the  low  neap  tide,  when  the 
predicted  tide-level  was  very  low.  If  this  storm  surge  episode  had  occurred  during  a 
high  spring  tide  period,  the  rise  in  the  sea  level  at  the  mouth  would  have  reached  a 
very  high  value,  and  consequently  also  the  water  level  inside  the  lagoon  would  have 
been  very  high,  what  would  induce  severe  damages  along  the  channels  boundaries. 


PREDICTION  OF  COASTAL  EROSION  AND  SHORELINE  RETREAT 
ASSOCIATED  TO  "MEAN"  AND  "CENTENARY"  STORMS  AT  THE 
PORTUGUESE  COAST 

£.  Ferreira  and  J.  A.  Dias 
Universidade  do  Algarve,  oferreirfualg.pt 

Storm  action  and  the  lack  on  sediment  supply  are  the  two  main  causes  responsible  for 
coastal  erosion  and  shoreline  retreat  at  the  Portuguese  coast  In  the  last  few  years  a 
strong  effort  has  been  done  in  order  to  apply  and  validate  simple  models  for 
determination  of  coastal  retreat  and  dune  erosion  due  to  storms.  One  of  the  models  that 
gave  better  results  when  compared  with  field  observations  was  the  convolution 
method,  developed  by  Kriebel  and  Dean  (1993).  In  this  work,  the  model  was  applied 
to  determine  the  consequences  of  two  hypotetic  storms  nam^  "mean  storm"  (mean 
annual  conditions)  and  "centenaiy  storm"  (100  years  return  period  conditions)  over  the 
coast  between  Aveiro  and  Cape  Mondego  (Northwest  Portugal).  The  considered 
"mean  storm"  presented  a  significant  wave  height  of  6.2m,  acting  during  36h  over  a 
maximum  water  level  (tide  +  storm  surge)  of  1.71m  above  Mean  Sea  Level.  The 
applied  "centenary  storm"  (100  years  return  period)  had  13.9m  of  significant  wave 
height  with  a  total  duration  of  14  days  (336h)  over  a  maximum  water  elevation  of 
2.2m  above  MSL.  The  model  predicted  teach  erosion  volumes  between  70  and  1 10 
m3/m  for  the  "mean  storm",  according  to  different  beach  profiles,  without  prediction 
of  dune  retreat.  The  "centenaiy  storm"  would  cause  erosion  volumes  between  390  and 
680  m3/m  with  a  mean  computed  dune  retreat  of  about  26  m.  The  predicted  erosion 
volumes  and  dune  retreat  for  this  storm  are  able  to  completely  destroy  the  dune  ridge 
at  the  most  of  the  tested  teaches,  inducing  severe  overwashes  and  damages. 


EXTREME  HAVE  EVENTS  PRODUCING  SHIPWRECKS  IN  THE 
COAST  OF  GALICIA  (SPAIN) 

L.Gimeno(l),  A.Rua(2),  C . Docampo ( 1 ) ,  P.Vllar(l), 

I.  Tejeiro  (1) .... 

(1)  Facultad  de  Ciencias  de  Orense,  Universidad  de 
Vigo,  (2)  Departamento  de  Estadistica,  Universidad 
Complutense  de  Madrid. /Fax  34  88  387159 

Galicia  is  the  Spanish  region  placed  in  the 
Northwest  of  the  Iberian  Peninsula.  Its  coasts 
suffer  very  frequently  from  storms  which  result  in 
extreme  wave  events  that  produce  many  shipwrecks 
every  year.  In  this  study  we  analyze  those 
shipwreck  events  in  which  people  died.  We  study 
the  meteorological  patterns  that  produce  the 
events  by  means  of  different  surface  and  upper 
levels  meteorological  charts  and  we  analyze 
statistical  risks  of  these  events. 


NONLINEAR  QUENCHING  OF  CURRENT  FLUCTUATIONS 
IN  A  SELF-EXCITING  HOMOPOLAR  DYNAMO 

R.  Hide,  (Physics  Dept,  University,  Oxford  0X1  3PU,  UK) 

In  the  interpretation  of  geomagnetic  polarity  reversals  with 
their  highly  variable  frequency  over  geological  time  it  is 
necessary,  as  with  other  Irregularly-fluctuating  geophysical 
phenomena,  to  consider  the  relative  importance  of  forced 
contributions  associated  with  changing  boundary  conditions 
and  of  free  contributions  characteristic  of  the  behaviour  of 
nonlinear  systems  operating  under  fixed  boundary 
conditions.  New  evidence  —albeit  indirect-  in  favour  of  the 
likely  predominance  of  forced  contributions  is  provided  by 
the  discovery  reported  here  of  the  possibility  of  quenching  of 
current  fluctuations  in  a  self-exciting  homopolar  dynamo 
driven  by  a  steady  couple  applied  to  its  Faraday  disk.  The 
armature  of  an  electric  motor  connected  in  series  with  the 
coil  of  the  dynamo  Is  driven  into  motion  by  a  torque  Tdue  to 
Lorentz  forces  associated  with  the  electric  current  /  in  the 
system,  just  as  the  Earth's  solid  inner  core  and  certain  eddies 
in  the  fluid  outer  core  are  driven  into  relative  motion  by 
Lorentz  forces  associated  with  currents  generated  by  the  self- 
exciUng  magnetohydrodynamlc  geodynamo.  Supposing  that  T 
is  proportional  to  ( 1-e)/  +  eSf*  where  S  A**  is  a  constant  and 
0  «  e  <1,  the  analysis  of.  the  governing  set  of  nonlinear 
ordinary  differential  equations  shows  that  the  extensive 
regime  of  fluctuating  (including  chaotic)  dynamo  action 
found  when  e  -  0  is  replaced  by  a  completely  steady  regime  of 
dynamo  action  in  the  geophysically  more  relevant  case  when 
e-  1.  with  partial  quenching  occurring  in  the  intermediate 
cases  when  0<e<l. 
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MODELLING  OF  TWO-DIMENSIONAL  SEA  SURGES 
OVER  THE  SHALLOW  GENTLY  SLOPING  BOTTOM 

G.A.  Khabeikhpashev  and  A.A.  Litvinenko  (Institute  of  Thermophysics 
SB  RAS,  Novosibirsk  630090,  Russia;  E-mail;  geshev@0tani.therm0.n3k.su) 


INVERSE  SCATTERING  TRANSFORM  II:  NONLINEAR  FOURIER 
ANALYSIS  OF  ADRIATIC  SEA  SURFACE  WAVE  DATA 

A.  R.  Osborne,  M.  Onorato,  M.  Serio  and  L.  Betgraasco  (Istituto  di  Fisica  Generale 
dellUniversita',  Via  Pietro  Giuria  1,  Torino  10125,  Italy);  L.  Cavaleri  (Istituto  Studio 
Dinamica  Grand!  Masse,  San  Paolo  1364, 30125  Venice,  Italy). 


Dynamics  of  the  essentially  two-dimensional  moderately  long  nonlinear  water 
waves  is  studied.  It  is  assumed  that  stationary  component  of  flow  is  absent, 
the  arising  boundary  layer  remains  thin,  i.e.  the  time  required  for  the  bound¬ 
ary  layer  to  develop  over  the  entire  thickness  of  the  liquid  is  proposed  to  be 
much  greater  than  the  characteristic  time  of  the  wave  process.  Hence  every¬ 
where  except  the  near-bottom  region  the  resulting  flow  is  potential.  For  weakly 
nonlinear  perturbations  propagated  mainly  in  one  direction  (linear  waves  may 
travel  simultaneously  in  any  directions)  the  initial  hydrodynamic  equations 
were  reduced  to  the  following  evolution  equation  for  the  water  level: 
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Here  t  is  the  time,  g  is  the  acceleration  of  free  fall,  A  is  the  equilibrium  liquid 
depth;  the  operator  V  is  defined  in  a  horizontal  plane;  the  coefficients  f  and 
do  depend  only  on  the  physical  parameters  of  the  system;  qo  is  the  initial 
perturbation.  Some  solutions  of  the  model  equation  were  found  numerically. 
This  work  has  financial  support  of  the  Rus.  Foundation  for  Basic  Researches 
(grant  N  96-01-01766)  and  of  the  SB  Rus.  Acad.  Sci.  (integr.  progr.  N  43). 


The  inverse  scattering  transfoim  (1ST)  is  used  to  analyze  Adriatic  Sea  surface  wave 
data.  In  effect  we  project  the  data  onto  cnoidal  wave  basis  functions  and  study  the 
requisite  nonlinear  interactions  among  the  cnoidal  waves.  In  effect  we  invoke  a  simple 
theorem  for  solutions  of  the  KdV  equation:  All  solutions  tnay  be  written  in  terms  of  a 
linear  superposition  of  cnoidal  waves  plus  nonlinear  interactions.  We  are  able  to 
isolate  12  cnoidal  waves  (degrees  of  ftee^m)  which  dominate  the  nonlinear  dynamics 
near  the  peak  of  the  spectrum.  We  study  in  particular  these  waves  and  their  nonlinear 
interaction  components.  Of  particular  importance  is  the  &ct  fliat  one  is  able  to  identify 
the  specific  physical  influence  that  the  interactions  have  on  the  Adriatic  Sea  wave 
trains.  One  finds  that  the  superposed  cnoidal  waves  are  modified  substantially  by  the 
interaction  contribution.  It  is  easily  seen  that  the  interaction  wave  train  is 
approximately  I8O0  out  of  phase  with  the  summed  cnoidal  waves.  This  surprising 
result  is  interpreted  as  complex  spectral  representation  of  the  well  known  phase 
shifting  phenomenon  which  occurs,  for  example,  in  the  collision  of  two  solitons  of  the 
KdV  equation.  We  discuss  some  of  the  implications  of  our  study  on  the  physics  of 
wind-driven  surface  waves  and  their  nonlinear  dynamics.  . 


SEARCH  FOR  HIGHER  ORDER  NON  LINEAR  EFFECTS  IN 
SHALLOW  WATER  IN  A  WAVE  TANK  FACILITY 

A.R.  Osborne  (1),  M.  Onorato  (1),  M.  Serio  (1),  L.  Bergamasco  (1),  M. 
Petti(2) 
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Experimental  measurements  have  been  recorded  in  the  wave  tank  facility 
(50  meters  long  and  one  meter  wide)  of  the  University  of  Florence  at 
various  distances  from  the  wave  generator.  We  investigate  the  ca^  of 
propagation  of  waves  on  a  variable  depth  of  slope  1:100.  In  this  condition 
the  motion  can  be  considered  almost  adiabatic  (non  linearities  increase  very 
slowly  with  decreasing  depth).  Sinusoidal  wave  profiles  with  different 
amplitudes  and  periods  are  generated  at  the  wave  maker  and  their  evolution 
is  followed  along  all  the  flume.  We  show  that  in  many  cases  the  Korteweg- 
de  Vries  equation  represents  a  good  model  of  wave  propa^tion  (the  period 
matrix  in  the  theta  function  representation  of  the  ^odic  solution  of  the 
KdV  equation  is  constant).  However  there  are  situations  in  which  the  non 
linearity  is  too  strong  and  a  higher  order  equation  is  needed  to  describe  the 
evolution  of  the  waves.  In  these  cases  the  nonlinear  spectral  analysis  is  not 
so  straightforward,  since  the  higher  order  equation  is  not  integrable.  If  a 
transformation  on  the  data  is  performed,  we  show  that  the  non  linearity  is 
reduced  and  the  data  can  still  analysed  by  the  inverse  scattering  method. 


LONG-TERM  METEOROLOGICAL  PRECONDITIONS  FOR  THE 
FLOODING  OF  THE  NORTH  ADRIATIC  COAST 

M.  PasariA  and  M.  OrliA 

Andrija  MohoroviAiA  Gtopl^cal  Institute,  Faculty  of  Science,  University  of 
Zagrd),  Croatia 
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Events  of  flooding  (acqua  alta)  of  the  North  Adriatic  coast  are  examined  through 
linear  series  of  hourly  sea-level  data,  recorded  at  Dakar.  The  threshold-exceeding 
sea  levels  are  studied  in  reqiect  to  three  major  contributions;  (!)  tides,  (fi)  elevations 
generated  by  synoptic  and  smaller-scale  meteorological  disturbances  (storm  surges 
and  seiches  of  the  Adriatic),  and  (ii!)  low-fiequency  oscillations  (0. 1  <  f  <  0.01  cpd) 
predominantly  induced  by  planetary  atmospheric  waves,  seasonal  processes 
rendering  only  a  minor  cimtribotion  to  the  total  sea-level  maxima.  Effircts  of 
meteorological  ftrrcing  associated  with  the  travelling  cyclones,  being  the  mqor 
contribution  to  the  peak  events,  have  amply  been  studied,  and  relative  phases  of  the 
storm  surge,  the  pre-existing  fiindamentd  Adriatic  seiche  and  the  astronomical  tide 
have  been  recognized  as  the  decisive  &ctor  for  the  flooding  However,  the  lower- 
fireriuency,  planetary  atmospheric  waves  can  give  rise  to  sea-level  chimges  in  the 
range  of  70  cm,  thus  posing  strong  days  lasting  preconditions  firr  the  flooding 
events.  It  is  shown  that  in  the  absence  of  these  long-period  sea-level  variations,  the 
total  number  of  sea-level  events  exceeding  the  99.5%  threshold  value  is  reduced 
mote  than  ten  times.  Consideration  of  the  forecast  of  planetaiy-wave  lows,  which 
ate  best  visible  at  the  500  mbar  sur&ce,  joag  significantly  improve  the  prediction  of 
severe  flooding  events. 


INVERSE  SCATTERING  TRANSFORM  I: 
NONLINEAR  FOURIER  ANALYSIS  WITH  CNOIDAL 
WAVE  BASIS  FUNCTIONS 


CROSS-SHORE  DYNAMICS  OF  SURF  ZONE  AFFECTED  BY  STORMS 
Efim  Pelinovsky  (1)  and  Eliezer  Kit  (2) 


A.  R.  O.sbome.  M.  Onorato,  M.  Serio  and  L.  Bergamasco  (Istituto  di 
Fisica  Generale  deU'Universitil,  Via  Pietro  Giuria  1,  Torino  10125, 

Italy) 

The  inverse  scattering  transform  (1ST)  solves  certain  nonlinear  partial 
differential  equations  such  as  the  Korteweg-deVries  (KdV)  and 
Kadomtsev-Petvishvilli  (KP)  equations.  KdV  describes  the  nonlinear 
evolution  of  wave  fields  in  shallow  water  in  l-l-l  dimensions,  while  KP 
describes  shallow-water  wave  evolution  in  2+1  dimensions.  Of 
particular  interest  are  the  solutions  to  KdV  and  KP  in  the  0-function 
representation:  I  show  that  all  such  solutions  for  periodic  boundary 
conditions  may  be  written  in  terms  of  a  linear  superposition  of  cnoidd 
waves  plus  pair-wise,  nonlinear  interactions  terms.  Using  this  approach 
I  give  specific,  concrete  numerical  examples  of  solutions  to  KdV  and 
KP  and  describe  their  requisite  nonlinear  wave  physics.  Of  particular 
interest  is  the  fact  that  the  cnoidal  waves  of  the  KP  equation  undergo 
both  'weak*  and  'strong'  interactions  which  are  explicitly  accounted  for 
in  the  0-function  formulation. 


(!)  Institute  of  Applied  Physics,  46  Uljanov  Str.,  603600  Nizny 
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(2)  Department  of  Fluid  Mechanics  and  Hrat  Transfer,  Tel-Aviv 
Univeisity,  Ramat-Aviv,  Israel 

The  long-term  cross-shore  dynamics  of  the  surf  zone  affected  by  storms  is 
investigated.  The  validity  of  the  hypothesis  of  equilibrium  bottom  profiles  in  the 
coastal  zone  is  examined  using  bathymetric  measurements  of  some  coastal  regions  in 
Israel  for  the  period  1968-1995.  It  is  shown  that  the  power  law  of  depth  variation  as  a 
function  of  offshore  coordinate  (Dean's  profile)  is  satisfied  on  the  average  for 
non-barred  profiles.  A  mathematical  model  for  description  of  time-  dependent  sea 
bottom  deformation  under  the  action  of  wind  waves  in  the  surf  zone  is  developed.  It 
is  found  that,  besides  the  known  static  solutions  of  the  balance  equation  for  sediment 
transport  which  correspond  to  the  equilibrium  bottom  profile  with  zero  net  sediment 
transport,  there  exists  a  solution  corresponding  to  the  profiles  of  dynamic  equilibrium 
when  the  surf  zone  is  a  "carrier”  of  sediment  transport  from  the  coast  to  the  sea  or  in 
the  opposite  direction.  Both  equilibrium  bottom  profiles  satisfy  the  power  asymptotic 
law  near  shore.  A  class  of  steady-state  solutions  of  the  sediment  balance  equation 
which  correspond  to  the  "traveling"  bottom  profiles  is  studied  also.  Data  available  on 
the  deviation  of  bottom  profiles  from  equilibrium  are  used  to  estimate  an  anticipated 
speed  of  the  long-term  beach  deformation. 
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WAVE  HAZABD  MAPPING 
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Ingegneria  Civile,  Fisciano  (SA),  Italy,  (4)  Eta  Beta,  Naples,  Italy 

Civil  protection  contingency  plans  for  wave  action  on  shore  require  hazard 
contingency  maps  that  have  to  be  produced  and  frequently  updated.  This  requires,  on 
the  one  hand  the  availability  of  efficient  methods  for  nin-up  calculations  and  on  the 
other  hand  the  setting  up  of  fast  procedures  for  the  automatic  redaction  of  computer 
maps.  The  paper  presents  the  work  which  is  being  carried  out  within  the  research 
activities  of  the  Italian  Government  Civil  Protection  Department  and  the  development 
of  the  Contingency  Plan  for  the  Salerno  Province.  After  an  extreme  events  analysis  of 
sea  climate  is  carried  out  for  deep  off  shore  water,  a  linear  transformation  model  is 
employed  to  estimate  the  transition  from  deep  into  shallow  depth  water,  then  a 
Boussinesq  Id  model  is  used  for  the  region  where  both  amplimde  and  frequency 
dispersion  take  place.  Finally  then  a  model  of  the  non  linear  shallow  water  equations 
is  employed  to  calculate  the  run-up  of  extreme  events  on  beaches  along  a  number  of 
cross  sections.  Flooded  areas  are  then  defined  by  making  use  of  the  run-up  lengths 
through  a  CAD  implemented  interpolation  procedure. 


THE  DECEMBER  1939  ANATOLUN  EARTHQUAKE,  TSUNAMI 
CREATED  AND  THE  WEATHER  CHANGES 

B.  Ranguelov  (1)  and  A.  Bemaerts  (2) 
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The  well  known  large  and  destructive  earthquake  in  Eastern  Anatolia  on  26 
December  1939,  seems  to  be  one  of  the  greatest  human  tragedy  during  XX 
century.  The  reported  deaths  by  the  newspapers  during  this  time  overgo 
several  tens  to  hundred  thousands.  It  is  well  Imown  also  that  the  epicenter 
of  this  quake  is  located  far  from  the  Black  sea  coast  but  also  created  the 
largest  tsunami  reported  during  this  century  and  registered  at  several 
mareograph  stations  on  the  Russian  coast.  But  it  is  almost  unknown  that 
before  and  immediately  after  the  quake,  the  extreme  and  unusual  weather 
changes  appear,  providing  heavy  snowfalls,  rains  and  floods  propagating 
from  the  epicentral  area  to  the  south  and  thus  creating  very  large 
difficulties  to  the  safety  works  after  the  quake  as  well  adding  big  troubles  to 
the  homeless  people.  The  paper  suggests  the  idea  supporting  by  large 
amount  of  data,  that  this  weather  changes  have  been  created  or  supported 
by  the  quake  and  tsunami  influence  to  the  Unstable  weather  conditions. 


NHl  Extreme  events  in  the  sea  and  near  shore  and 
coastal  hazards 
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INTERNAL  WAVES  OF  EXTREME  AMPLITUDES  IN  THE  OCEAN 
A.N.Serebryany 

N.N.Andreyev  Acoustics  Institute,  Moscow  1 17036,  Russia 
E-mail:  aserebryany@glasnet.ru 

Internal  waves  are  a  widespread  phenomenon  in  the  ocean,  which  play  an 
important  role  in  its  dymamics.  Internal  waves  can  produce  essential 
vertical  displacements  of  internal  oceanic  layers  (up  to  100  m,  accompanied 
by  orbital  velocities  up  to  2.0  m/s).  Along  with  the  useful  function  of 
oceanic  ventilation,  internal  waves  can  lead  also  to  some  undesirable 
consequences  (dangers  for  underwater  navigation,  problems  in  caring  out 
drilling  and  others).  The  main  purpose  of  our  paper  is  to  review  the 
literature  of  all  known  observations  of  large  internal  waves,  and  on  this 
basis  to  reveal  incidences  of  the  largest  waves,  as  well  as  oceanic  regions 
where  these  extreme  amplitude  internal  waves  occur.  Parameters  of  the 
biggest  internal  waves  from  different  regions  of  the  ocean  are  compared, 
tabulated  and  generalized.  Typical  conditions  and  causes  leading  to  the 
generation  of  large  internal  waves,  and  typical  observed  features  are 
summarized.  Some  records  of  huge  internal  waves  are  presented.  An 
example  of  an  attack  of  such  an  internal  wave  on  a  drifting  ship  is  shown. 
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Y«.  P.  Sobolev,  Yu  M.  Mikhailov 

iniftitute  orTcm^irtrial  Magnctiun,  Ionosphere  and  kadiovvuYi  kiopa^allon  KAN, 
RuxMia,  1420^2,  TroiKl,  Moskow  ivjpon 
aroshC^cost'ay.iTmirfln  irottsk.ui/PiiM  01  21 

Analog  VLI*  wideband  teirinratioMH  (0  07-20  0  kM/)  lioin  C’»»»iih*>  1800  Mid 
Intcrcoamos  24  satelliiev  were  made  at  June*iuly  I on  1  nbn-stalion  (I  luvana, 
institute  of  Tieophysica  and  Astronomy)  Orbli»  ol'ihis  sateltiie.s  (Cu^^nuis  1800  • 
circular  with  h  950  km.  inclitwlion  K?  Y  Inlprrutnwiv  "'ll  nnilytM.  5nn  km, 
apogee  2500  km.  incrmaiion  KV)  give  iix  posclbiliiy  it>  VI  I  infoMiiAliun  in 

latitude  region  ftoin  0  lu  and  longitude  region  (■•t'  L  Ui  I0()''W.  Finiti 
different  signals,  rcttdved  on  aatellites  (rraclionally  liop.  usual  and  I  I  IK-wiilsdets) 
we  choice  dgnals,  which  are  tnceiied  by  lightning  and  piopaguiud  lium  catih  Ihtough 
the  ionosphere  to  aalelliiaa  There  sigrials  ore  related  wilfi  lypliouit.N  in  C’aiibbcan 
ng(ion,  which  accompHnied  unuNiml  slioiig  lightning  uctivii>  ULglNtiidioiiN  VI  .1- 
signals  were  made  a(  night  and  day  timcK  Ry  day  nuntbci  orAtgnulN  lloin  ligliUiing 
were  e.<t«w,’ntuilly  lekx  It  waa  retnlad  with  strong  aUetiuatiun  llicNe  .<agMa1s  >n  />  layer 
of  the  ionosphere  Many  signals  have  in  ^pcclia  l’r<K|ucnclcs  I  (M)  I W  with  Uigi* 
amplitudes.  We  aupposc  that  those  signals  were  caused  by  cloud  to-ground  lighliuiig 
discharges.  On  both  ulellilcs  a  number  of  sigttals  was  inciuiisvd  liuiti  laiiliidc  tO'^N 
and  diminished  after  40"N. 


NUMERICAL  MODELLING  OF  A  SUBMARINE  AVALANCHE  : 

THE  1979  NICE  EVENT  (FRENCH  RIVIERA). 

J.  F.  BouriUet  (1),  P.  Heinrich  (2),  S  Rzadldewiczm  and  B.  Savoye  (1) 

(1)  IFREMER,  B.P.  70, 29280  Plouzani,  France, 

(2)  LDG/CEA,  B.P.  12. 91680  Bniyires-Lc-Chaiel,  France 

On  16  October  1979,  a  part  of  the  Nice  international  airport  (French  Riviera) 
slumped  into  the  Mediteirenean  Sea  during  landfilling  operations.  This  submarine 
landslide,  with  an  estimated  initial  volume  of  10  M  of  m’,  quickly  transformed  into 
a  debris-Bow  and  then  in  a  turbidity  current,  that  broke  two  submarine  cables  across 
the  lower  Var  fan  valley,  and  getrerated  a  small  tsunami.  Over  the  last  years,  several 
acoustic  and  submersible  surveys  were  conducted  by  IFREMER,  in  order  to  identify 
and  study  the  travel  path  of  the  avalanche. 

2D  and  3D  fluid  mechanics  mixture  models,  developped  by  the  LDG  of  CEA,  have 
been  recently  used  to  better  understand  this  eveitt.  A  gravitational  mass  movement 
is  classically  divided  into  a  dense  flow  close  to  the  seabed  and  a  less  dense  plume 
above.  Within  the  model,  the  dense  part  is  considered  as  a  viscoplastic  fluid, 
whereas  the  dispersed  part  is  modelled  by  an  ideal  fluid  with  a  low  density.  The 
rheological  parameters  of  the  model  conq>rise  a  diffusion  coeffleient,  a  Bingham 
yield  stress,  a  viscosity  coeffleient  and  friction  on  the  slope. 

The  submarine  avalanche  has  been  flrst  simulated  by  using  the  2D  model  along  the 
travel  path.  Finally,  taking  into  account  a  very  accurate  multibeam  bathymetric 
map.  the  1979  event  has  been  modelled  by  using  the  3D  version  of  the  mo^t.  For 
each  case,  the  computed  density  maps  are  presented  at  different  times,  showing  the 
different  phases  of  the  gravity  flow. 
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THE  LANDSLIDE  TSUNAMI  OF  OCTOBER  16, 1979,  NICE, 
FRANCE 

P.  Heinrich  (1),  P.C.  Sabatier  (2),  S.  Rzadidewicz  (3) 

(1)  Laboratoire  de  Detection  et  de  G^ophysique,  CEA,  91680,  France. 

(2)  Ddp.  de  Phys.  Math.,  Univ.  de  Montpellier  II,  34095  Montpellier 

(3)  DEO/GM,  Ifremer,  29280  Plouzane,  France 

A  submarine  slope  failure  occurred  on  Oct.  16th  1979  dunng  the 
construction  of  the  Nice  new  harbour.  This  gravitational  submarine 
sUding  generated  a  small  tsunami  observed  by  several  witnesses  in  the 
Bale  des  Anges.  Except  one  person  in  Antibes,  the  victims  are  working 
men  on  the  building  site.  The  maximum  hydraulic  effects  were  observed 
10  km  from  Nice  near  Antibes.  Photographs  of  the  inundation  show 
water  heights  of  about  1  metre.  At  La  Sails  (close  to  Antibes),  witnesses 
reported  a  first  positive  wave  of  about  60  cm,  five  minutes  after  the 
landslide.  This  wave  was  followed  by  3  waves  of  3  metres  high  with  a 
period  of  about  8  minutes.  The  sliding  of  this  mass  and  the  generated 
water  surface  have  been  simulated  numerically,  assuming  that  the 
landslide  behaves  like  a  viscous  fluid  flowing  into  the  sea.  The  numerical 
model  solves  the  3D  Navier-Stokes  equations  for  a  mixture  composed  of 
sediments  and  water.  The  propagation  of  generated  water  waves  is 
studied  in  the  Bale  des  Anges  by  means  of  shallow  water  models. 


SIMPLIFIED  THEORY  OF  THE  SURFACE  AND  INTERNAL  WAVE 
GENERATION  BY  THE  SUBMARINE  LANDSLIDE 

Efim  Pelinovsky  and  Irina  Dolina 

Institute  of  Applied  Physics,  46  Uljanov  Str.,  603600  Nizhny 
Novgorod,  Russia;  email:  enpeli@appl.sci-nnov.ni 

A  problem  of  the  water  wave  generation  by  submarine  landslides  is  discussed.  At  first, 
this  problem  is  considered  in  the  frame  of  linear  theory  when  the  landslide  body 
motion  is  approximated  by  introducing  of  the  mass  sources.  For  small  and  large  values 
of  the  Froude  number  the  expression  for  vertical  displacements  of  the  sea  surface  and 
pycnocline  is  obtained  in  the  explicit  form.  Internal  wave  field  generated  by  the 
moving  landslide  is  calculated  for  different  stratifications  of  water  density.  Then  the 
problem  of  the  submarine  landslide  motion  taking  into  account  the  wave  resistance  is 
discussed. 


NHl  Extreme  events  in  the  sea  and  near  shore  and 
coastal  hazards 

03  Tsunamis 

Convener:  Piatanesi,  A. 

Co-Convener:  Baptista,  M.A. 
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GLORIA  side  scan  sonar  and  SIMRAD  swath  bathymetry  mapping  of  the 
flanks  of  the  Canary  Island  group,  the  Selvagen  Islands  and  the  seamounts 
of  the  area  revealed  that  giant  debris  avalanches  and  other  features  of 
landsliding  (slumps,  debris  flows,  turbidites)  have  been  most  dominant 
processes  of  mass  transfer  from  the  volcanic  edifices  into  the  sediment 
basins  during  the  last  million  years.  This  does  not  only  apply  to  the 
recently  most  active  West  Canaries,  but  also  to  the  older  East  Canaries  and 
Gran  Canaria.  The  large-scale  mass  wasting  encountered  in  the  Canary 
Archipelago  indicates  that  the  long-lived  history  of  volcanic  activity  of 
frese  islands  is  balanced  by  a  correspondingly  long  history  of  destruction, 
implying  that  the  flux  of  material  from  the  earth  mantle  through  the 
volcanic  edifices  into  the  ocean  basins  is  a  function  of  mantle  dynamic 
parameters,  which  are  recorded  in  the  sedimentary  sequence  of  the 
adjacent  ocean  basiiB. 

Our  data  set,  which  has  completed  the  existing  side  scan  sonar  coverage  of 
the  Canary  Archipelago,  allows  -  together  with  Wgh  resolution  reflection 
seismic  mapping  of  the  area  -  an  estimate  of  the  potential  hazard  of  giant 
landslides,  which  are  triggered  by  volcano  flank  instabilities  and  have 
the  potential  of  creating  large  tsunamis. 


SUBMARINE  LANDSLIDES  ON  THE  FLANKS  OF  THE  CANARY  ISLANDS 
Fr.  Theilen.  Ch.  MoUer,  M.  Riedel 

Institut  fiSr  Geoptorsik  der  Chiistian-Albrechts-UniversitU  zu  Kiel 
flheilen@geqphysik.nni-kiel.de;ffax:  +49-431-8804432 

The  flanks  ofthe  Canarian  Islands  are  characterized  by  large  landslides  which  indicate 
the  hi^  flux  of  sedimentary  material  from  the  islands  into  the  adjacent  oceanic  basins. 
Muhicbannd  reflection  seismic  investigatioDS,  vdridi  have  been  perfonned  in  December 
1997,  reveal  liters  with  various  thicknesses  of  iq>  to  500  meten.  They  ate  normally 
characterized  by  chaotic  reflection  patterns,  especially  in  slump  areas,  but  some  cf  fliem 
show  clearly  internal  reflections  ideating  that  conqrlete  sedimentary  blocks  moved 
downslope. 

The  landslides  can  be  traced  beneath  the  seafloor  of  the  adjacent  oceanic  basins,  which 
are  characterized  by  a  clear  series  of  sequences  with  parcel  to  subparallel  leflecbon 
patterns.  They  form  partly  onlap  structures  coveting  older  landslides  indicating  that  no 
mass  movements  occured  in  recent  time  in  fliese  areas.  The  transition  from  deep  sea 
sedimentation  patterns  to  mass  flow  structures  on  the  flanks  at  water  depths  of  about 
3.500  -  3.600  meters  in  the  Northem  and  Southern  Canarian  Basra  is  genetaliy  rather 
sharp. 

A  seismic  profile  fiom  the  deep  sea  area  south  of  Tenerife  shows  ritong  reflectors  in  a 
depth  of  about  500  meters  below  sea  floor,  which  rqiresent  obviously  the  tep  of  large 
gas  contamirrg  layers  either  of  volcarric  or  orgarric  origirr.  Smaller  vulcarric  trrourrds  on 
fee  crystalline  basement  are  completely  covered  by  deep  sea  sedimorts. 


NUMERICAL  STUDY  OF  TSUNAMI  AMPLIFICATION 
OVER  THE  SOUTHERN  SHELF  OF  CRIMEA 

S.  F.  Dotsenko  (Marine  Hydrophysical  Institute  Academy  of  the  Ukrmne 
National  Academy  of  Sciences,  2,  Kapitanskaya  st.,  Sevastopol,  335000, 
Crimea,  Ukraine) 

Tsunami  propagation  over  the  southern  shelf  of  Crimea  has  been  studied 
in  a  frame  of  one-dimensional  non-linear  shallow  water  equations  with 
usual  quadratic  law  for  bottom  friction.  The  scales  of  marginal  slope 
and  shelf  zone  in  the  Black  Sea  are  essentially  differing  in  comparison 
with  the  Pacific  Ocean. 

The  initial  free  surface  elevation  was  disposed  over  deep  edge  of  the  con¬ 
tinental  slope..  We  have  used  the  empirical  relations  proposed  by  K.  lida 
(1963)  between  parameters  of  sea  initial  disturbance  and  magnitude  M 
of  the  underwater  earthquake.  It  is  found  the  wave  height  H  over  shelf 
is  2-3  times  as  much  as  initial  value  Ho-  Tsunami  run-up  fJ  on  a  vertical 
wall  at  10  m  depth  can  be  evaluated  from  equation  ln2R  =  oM— 4  which 
is  closed  to  empirical  relation  proposed  by  E.  Pelinovsky  (1982). 
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RUNUP  OF  TSUNAMI  WAVES  ON  GENTLE  BEACHES  IN  A  BASIN  OF  A 
COMPLEX  TOPOGRAPHY 

Efim  Pelinovsky  (1),  Vladimir  Golin'ko  (2)  and  Nataly  Osipenko  (2) 

(1)  Institute  of  Applied  Physics,  46  Uljanov  Str.,  Nizhny  Novgorod,  603600,  Russia; 
email;  enpeli@appl.sci-nnov.ni, 

(2)  Nizhny  Novgorod  Technical  University,  24  Minin  Str.,  Nizhny  Novgorod,  603600, 
Russia 

Runup  of  tsunami  waves  on  beaches  is  considered  usually  as  the  one-dimensional 
problem  within  the  nonlinear  theoiy  of  shallow  water.  This  approach  is  developed  for 
the  description  of  the  runup  of  tsunami  waves  in  channels  and  bays  with  the  narrow 
cross-section  when  integrated  on  the  cross-section  equations  have  the  one-dimensional 
foim.  It  is  shown  that  if  a  small-  amplitude  wave  is  coming  from  the  deepest  water 
(where  the  wave  is  linear)  and  a  beach  slope  in  the  direction  of  a  wave  propagation  is 
constant,  the  maximum  value  of  the  runup  height  can  be  obtained  within  the  linear 
theory  correctly,  but  not  a  wave  form.  Simplified  method  of  calculation  of  both  the 
wave  amplitade  and  wave  form  is  proposed.  Some  solutions  for  the  oblique  tong  wave 
runup  are  discussed. 


NUMEBICAL  MODELING  OF  THE  1996  PERUVIAN  TSUNAMI 

P.  Heinrich  (1),  P.  Ihmle  (2),  F.  Schindele  (1),  S.  Guibourg,  R.  Roche  (1) 

(1)  Laboratoire  de  Ddtection  et  de  Gdophysique,  CEA,  91680,  France. 

(2)  Institute  of  Geophysics,  ZOrich,  Switzerland 

The  February  1996  Peruvian  seism  generated  a  larger  tsunami  than 
expected  from  its  studace  magnitude  (Ms=6.6).  This  discrepancy  as  well 
as  the  long  rupture  duration  (about  100s)  indicate  that  this  event  is  a 
‘tsunami  earthquake’.  The  associated  tsunami  was  locally  strong  in  Peru 
with  runup  heights  of  1  to  S  meters  along  a  coastline  of  300  km.  It  is 
shown  that  this  tsunami  can  be  modeled  for  a  seismic  moment  of  2. 10  ” 
N.m.  and  using  a  rigidity  of  2.6  10  “  N/m’.  The  water  surface 
initialization  has  been  computed  from  Okada’s  formulas,  using  seismic 
parameters  of  Qunle  (1997).  The  tsunami  propagation  has  been  modeled 
salving  shallow  water  equations  by  a  finite  difference  method  and  using 
a  system  of  multiple  grids  with  different  grid  sizes.  The  maximum  run¬ 
up  heights  in  the  region  of  Chimbote  are  modeled  using  a  grid  increment 
as  small  as  10  meters.  The  propagation  of  this  small  tsunami  across  the 
Pacific  Ocean  has  been  modeled  taking  into  account  frequency 
dispersion.  The  only  notable  amplification  occurred  in  Hiva-Oa 
(Marquesas  Islands,  French  Polynesia)  where  wave  heights  of  2  meters 
were  observed  and  reproduced  by  the  numerical  model. 


Tsunami  from  Asteroid  and  Comet  Impacts;  The  Vulnerability  of  Europe 

J.G.  Hills.  M.  P.Goda,  C.  L.  Mader,  and  M.  S.  Warren:  Los  Alamos  Nat  Lab 
T-6,  M.S.  B288,  Los  Alamos  National  Lab,  Los  Alamos,  N.M.,  87545,  U.S.A 
Fax  505/665-3003  E-Mailjgh@lanl.gov 

Tsunami  is  probabiy  the  most  serious  damage  caused  by  asteroids  with 
diameters  between  about  200  meters  and  2  km.  Smalier,  stony  asteroids 
dissipate  most  of  their  energy  in  the  atmosphere.  Asteroids  larger  than  200  m 
hit  Earth  about  every  3000  to  5000  years,  so  the  chance  of  such  an  impact 
occurring  in  a  human  lifetime  is  about  2-3%.  An  asteroid  200  meters  in 
diameter  impacting  the  mid  Atiantic  Ocean  would  produce  tsunami  10's  of 
meters  high  on  either  side  of  the  ocean  basin.  Using  a  tsunami  propagation 
and  runup  code,  we  find  that  an  asteroid  5  kiiometers  in  diameter  failing  in  the 
mid  Atlantic  Ocean  wouid  produce  a  series  of  tsunami  that  inundate  the  upper 
two-thirds  of  the  Eastern  United  States  up  to  the  fbothiils  of  the  Appaiachian 
mountains.  In  Europe  the  damage  is  less  dramatic:  The  most  vuinerable 
.  area  of  Europe  is  the  Spain-Portugai  peninsuia.  It  is  being  thrust  into  the 
Atiantic  with  little  continental  shelf  producing  idea  conditions  for  tsunami 
runups.  The  same  impactor  that  causes  runups  in  the  Eastern  United  States 
to  the  Appalachian  mountains  would  cause  runups  to  the  mountains  of  this 
peninsula.  The  situation  in  Northern  Europe  is  more  bvorable.  The  gradual 
continental  shelf  that  the  U.K.  pops  out  of  reflects  much  of  the  tsunami 
energy  back  into  the  Atlantic.  The  U.K.  and  parts  of  the  continent  facing  it  are 
relatively  protected  from  tsunami. 


THE  “Pn-OT"  ITALIAN  MONITORING  AND  ALARM  SYSTEM 
FOR  THE  CALABRIAN-SICILIAN  TSUNAMIS:  STATE  OF  THE 
ART 
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An  experimental  **pilot**  Tsunami  Warning  System  (TWS)  is  in  preparation 
in  eastern  Sicily,  in  the  area  f^ing  the  Catania-Siracusa  coastal  segment, 
one  of  the  most  important  tsunamigenic  regions  in  Italy,  in  the  frame  of  the 
GITEC-TWO  Project  (Genesis  and  Impact  of  Tsunamis  on  the  European 
Coasts:  Tsunami  Warning  and  Observations).  This  system,  conceived  for 
those  coastlines  potentially  affected  by  tsunamis  generated  by  local  coastal 
earthquakes,  is  designed  for  the  simultaneous  acquisition  of  the  seismic 
signal  and  the  sea-surface  displacement,  in  order  to  define  dangerous 
conditions  and  to  issue  an  alarm  message  to  local  units  of  the  Civil  Protection 
service.  After  the  selection  of  the  most  suitable  place  and  the 
accomplishment  of  all  the  bureaucracy,  the  station,  compound  by  a  water- 
level  sensor,  a  barometric  unit  and  an  automatic  station  to  perform  standard 
test  and  diagnostic  and  to  transmit  the  data  to  the  TWS  ‘‘control  center”,  has 
been  installed.  In  this  experimental  stage  the  sea  level  data  and  the  seismic 
signal  are  collected  and  studied,  in  order  to  develop  and  test  the  basic 
software  for  data  acquisition,  data  processing  and  transmission  and  to  define 
the  alarm  transmission  code.  At  present,  the  realization  of  the  acquisition 
system  on  PC  platforms  is  in  progress  at  the  University  of  Bologna.  The 
system  main  tasks  should  be  to  control  instruments,  to  manage  connections 
with  other  remote  PC  units,  to  acquire  and  to  analyze  the  data  in  real  time. 


PALEO-TSUNAMIS  IN  NORTHWESTERN  EUROPE 
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Tsunamis  are  able  to  cause  disasterous  damage  to  coasts  and  coastal 
habitation.  They  are  generated  by  coastal  and  submarine  vertical 
fault  movements  or  huge  submarine  slides.  It  is  a  well  known 
phenomenon  in  the  Pacific  region.  The  Lisbon  1755  event  is  classic.  In 
recent  years  we  have  also  started  to  appriciate  their  imprints  in  our 
paleo-records.  Past  events  are  documented  in  the  Mediterranian 
region.  More  surprising  are  the  records  from  NW  Europe.  First  we 
learned  about  the  tsunami  of  the  7200  BP  Storegga  submarine  slide 
outside  Norway  and  its  effect  along  the  coasts  of  Norway  and 
Scotland.  The  latest  news  come  from  Sweden  where  we  have  been 
able  to  document  a  major  earthquake  (generating  liquefactoin  over 
320  km)  occurring  in  the  autumn  of  varve  10,430  BP  and  a 
subsequent  event  occurring  in  varve  9663  BP  (generating  seismites 
over  210  km).  Both  events  generated  tsunamis;  the  first  one  washed 
the  strait  between  the  Baltic  and  the  North  Sea  free  of  ice  so  that 
marine  water  suddenly  could  invade  the  Baltic  basin.  The  second 
event  set  up  a  wave  recorded  in  the  ice  marginal  sedimentology  and 
shore  morphology.  Further  documentation  is  urgently  needed  for  a 
better  understanding  and  a  proper  hazard  assessment. 


THE  TSUNAMI  GENERATION  AS  A  PROCESS  RUNNING  IN  THE 
COMPRESSIBLE  FLUID 
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The  comparative  studies  of  the  waves  generation  by  bottom  displacements 
in  the  compressible  and  incompressible  ideal  fluid  carried  out  in  the 
framework  of  linear  potential  theory.  The  analysis  of  the  exact  analytical 
solutions  of  the  problem  has  showed  an  essential  difference  which  exists 
between  compressible  and  incompressible  fluid  behaviour  under  ordinary 
tsunami  source  conditions.  The  range  of  the  applicability  of  the  linear  theory 
as  well  as  general  non-linear  phenomena  was  estimated.  It  was  also  shown 
that  each  tsunami  sourqe  should  have  its  own  “voice”  which  characteristics 
depend  on  the  bottom  topography,  sediment  features  as  well  as  on  the  time 
history  and  spatial  distribution  of  the  bottom  displacements.  This  “voice” 
may  serve  as  an  additional  important  factor  for  the  reason  of  the  tsunami 
warning. 
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SEDIMENT  SLUMPING  IN  THE  SOUTH  AEGEAN  SEA  AND  THE 
CASE  HISTORY  OF  THE  1956  TSUNAMI 

C  Perissoratis  (1)  and  G.  Papadopoulos  (2) 

(1)  Institute  of  Geology  &  Mineral  Exploration,  (2)  Institute  of 
Geodynamics;  National  Observatory  of  Athens,  11810  Athens,  Greece, 
g.papad@egelados.gein.noa.gr 

The  most  tsunamigenic  areas  in  Europe  are  the  Ionian  and  Aegean  Seas  in 
Greece.  The  Cretan  Trough,  in  the  Aegean,  has  since  antiquity  been  the  site 
of  many  tsunamis.  The  latest  example  include  a  25  m.  high  tsunami  which 
occurred  on  July  9,  1956  south  of  Amorgos  Island  which  was  associated 
with  an  M,=75  earthquake.  In  this  paper  we  first  examine  the  possibility 
that  a  large  sediment  slump  produced  the  1956  tsunami  in  the  Cretan 
Trough  and  we  investigate  historical  movement  of  the  slump  to  determine 
periodicity.  Second,  we  investigate  the  cause  of  the  1956  seismic  event  We 
found  that  in  certain  sectors  of  the  Trough  (Le.  the  Argolikos  and  Amorgos 
Basins)  the  mean  periodicity  of  the  occurrence  of  a  large  sediment  slump  is 
from  M  to  100  years,  elsewhere  in  the  region  periodicity  is  over  500  years. 
The  generation  of  the  1956  Amorgos  tsunami  is  attributed  to  the 
combination  of  the  reactivation  of  a  large  normal  fault  to  the  south  of  the 
island  and  to  the  generation  of  a  large  sediment  slump  in  south  Amorgos 
Basia  The  latter  was  triggered  probably  by  the  largest  aftershock  of 
M,=7.2  of  the  1956  earthquake  which  occurred  13  min.  after  the  main  shock. 
The  epicenter  of  this  large  aftershock  was  located  in  the  slump  source  area. 


NUMERICAL  SIMULATIONS  OF  THE  OCTOBER  4,  1994 
SHIKOTAN  (KURIL  ISLANDS)  TSUNAMI 

A.  Piatanesi  (1),  Ph.  Heinrich  (1),  J.Ph.  Avouac  (1),  F.  Schindele  (1)  and  S. 
Tinti  (2) 

(1)  Laboratoire  de  Detection  et  de  Geophysique,  CEA,  B.P.12,  91680,  France, 

(2)  Dipartimento  di  Fisica,  Sett.  Geofisica,  Universiti  di  Bologna. 

On  October  4, 1994  an  earthquake  of  magnitude  M,u=8.2  occurred  off  Shikotan, 
one  of  the  Kuril  islands.  Seismic  wave  inversions  indicate  a  thrust  type  mech¬ 
anism  with  a  large  strike-slip  components,  that  does  not  represent  an  under¬ 
thrust  event  at  the  subduction  interface.  The  earthquake  generated  a  large 
tsunami  that  was  recorded  at  several  tide-gauge  stations  in  Japan  (Hokkaido 
and  Honshu  islands),  in  Tahiti  and  in  the  pacific  coast  of  USA.  A  post-event 
field  survey  showed  that  in  the  source  area  the  inundation  was  remarkable, 
with  a  maximum  run-up  of  about  10  meters  at  Dimitrova  Bay,  located  in  the 
south-eastern  part  of  Shikotan  island,  just  in  front  of  the  estimated  epicenter. 
In  this  work  we  perform  some  preliminary  numerical  simulations  of  the  tsunami 
generation  and  propagation,  taking  into  account  different  seismic  sources.  The 
model  is  based  on  the  shallow  water  equations,  solved  numerically  by  means 
of  a  finite-difference  method:  a  mesh  refinement  around  the  tide-gauge  stations 
leads  us  to  compute  quite  reliable  marigrams  and  to  compare  them  with  the 
recorded  one. 


SURFACE  WAVE  THEORY  APPLIED  TO  THE  PROBLEM  OF 
TSUNAMI  EXCITATION  AND  PROPAGATION 

Tatyana  I.  Yakson 

Earth  Physics  Department,  Instimte  of  Physics,  Sanct-Petersburg,  University, 
Petergoff,  198904,  Sanct-Petersburg,  Russia;  E-mail:  kosterov@geo.niifspb.su 

A  new  approach  was  applied  to  the  problem  of  excitation  and  propagation  of  tsunami 
waves.  Tsunami  was  considered  as  a  surface  wave  of  interferentional  type.  This 
approach  allowed  to  estimate  the  displacements  of  ocean  surface  caused  by  an 
ea^quake  with  the  seismic  moment  high  enough  to  generate  a  tsunami.  Calculated 
displacements  are  in  close  agreement  with  the  observed  ones.  It  is  shown  that  the  rise 
in  the  amplitude  of  a  tsunami  wave  results  not  only  from  the  depth  decrease  as 
previously  assumed  (Green-Airy  formula)  but  also  from  the  compression  of  the  wave 
packet  caused  by  a  change  in  the  characteristics  of  dispersion.  Influence  of  the 
characteristics  such  as  the  elastic  parameters  of  the  bottom  and  thickness  of  the  liquid 
layer  on  the  excitation  and  propagation  of  tsunami  wave  was  also  investigated. 


IDENTIFICATION  OF  THE  SOURCE  FAULT  OF  THE  1908 
MESSINA  EARTHQUAKE  THROUGH  TSUNAMI  MODELING.  IS 
rr  A  POSSIBLE  TASK? 

S.  Tinti  (1),  E.  Bortolucci  (1),  A.  Piatanesi  (2) 

(1)  Dip.di  Fisica,  Sett.di  Geofisica,  University  di  Bologna,  V.le  Berti  Pichat 
8, 40127  Bologna,  Italy. 

(2)  Laboratoire  de  Detection  et  Gdophysique,  CEA,  BP  12,  Bruybres-le- 
Chatel,  91680  France 

The  1908  Messina  Straits  tsunami  is  the  last  catastrophic  event  that  hit  the 
Italian  coast.  The  parent  earthquake  may  be  considered  one  of  the  strongest 
shocks  reported  in  Italian  seismic  catalogues.  Several  source  models  have 
been  proposed  in  the  literature  that  are  quite  different  with  regard  to  almost 
all  the  fault  parameters.  The  aim  of  this  work  is  to  evaluate  if  using  tsunami 
data  can  contribute  to  identifying  the  fault  mechanism  of  this  earthquake.  To 
this  purpose  we  considered  most  of  the  faults  proposed  in  literature  and 
simulated  the  consequent  tsunami.  Two  such  faults  were  already  examined 
in  a  former  work  by  the  authors.  The  results  were  in  a  satisfying  accordance 
with  observed  data  for  the  polarity  of  the  first  wave,  but  not  for  the  run-up 
data.  The  present  paper  represents  a  continuation  of  the  previous  work  since 
other  faults  are  considered  and  a  heterogeneous  siip  is  allowed  on  the  fault 
to  possibly  improve  the  agreement  with  observations. 


MODELLING  A  POSSIBLE  HOLOCENE  LANDSLIDE-INDUCED 
TSUNAMI  AT  STROMBOLI  VOLCANO,  ITALY 

S.  Tinti  (1),  C.  Romagnoli  (2),  E.  Bortolucci  (1) 

(1)  Dip.di  Fisica,  Sett.di  Geofisica,  University  di  Bologna,  V.le  Berti  Pichat 
8, 40127  Bologna,  Italy. 

(2)  Dip.  Scienze  della  Terra  e  Geologico-Ambientali,  University  di  Bologna, 
Porta  S.  Donato  1, 40127  Bologna,  Italy. 

Stromboli  is  a  volcanic  island  in  the  Aeolian  archipelago  in  the  southern 
Tyrrhenian  sea  known  for  a  persistent  state  of  activity.  Its  main 
morphological  feature  is  a  steep  depression  marking  the  NW  seaward  flank 
called  Sciara  del  Fuoco.  It  is  interpreted  as  the  partially  filled  scar  of  a  large 
flank  collapse  that  took  place  circa  5000  years  ago.  The  large  volume  of 
material  estimated  to  be  involved  in  the  collapse  was  very  likely  responsible 
for  the  generation  of  big  ocean  waves.  Recent  history  shows  that  Stromboli 
has  been  affected  by  tsunamis  probably  generated  by  small-scale 
gravitational  instability  of  die  Sciara  del  Fuoco.  This  paper  presents  a 
numerical  simulation  of  the  possible  holocene  event.  For  the  landslide  we 
used  a  Lagrangian  model  based  on  the  discretization  of  the  total  sliding  mass 
in  blocks  of  constant  volume  subjected  to  external  and  internal  forces.  The 
tsunami  was  simulated  using  a  finite-element  model  based  on  the  nonlinear 
hydrodynamic  equations.  Wave  propagation  and  time  histories  all  around  the 
island  have  been  computed. 
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COMBINING  LIMITED  AREA  MODELS  QUANTITATIVE 
PRECIPITATION  FORECASTS  WITH  GROUND  MEASUREMENTS 

P.Boneioannini  Cerlini.  G.  Melchiotre,  S.  Tibaldi  and  E.  Todini,  (Dept,  of  Earth 
and  Geo-Environmental  Sciences,  University  of  Bologna,  Via  Zamooni  67,  I- 
40127  Bologna,  Italy) 


Ehiring  flood  events  decision  makers  must  take  decisions  under  die  uncertainty  of 
ftttwe  events.  It  is  therefore  necessa^  to  provide  not  only  a  forecast,  but  also  an 
estimate  of  the  probability  distribution  or  forecasted  discharges.  Given  the  non¬ 
linearity  of  the  rainfall-runoff  processes,  this  is  generally  done  by  generating 
future  realisations  with  stochastic  models  of  precipitation  and  by  transforming 
these  precipitation  traces  into  ninoff  with  the  appropriate  hydrological  models. 

In  general  die  stochastic  generation  of  future  rainfall  tends  to  depict  a  very 
uncertain  future  with  a  standard  deviation  of  the  distribution  which  rapidly 
increases  with  the  lead  time. 

Recently,  meteorological  Limited  Area  Models  (LAMs)  are  being  extensively 
used  to  produce  quantitative  precipitation  forecasts  (QPFs).  Unfortunately  at 
present,  LAMs  still  provide  QPFs  with  a  large  degree  of  uncertainty,  althou^  this 
uncertainty  does  not  depend  on  the  forecasting  lead  time. 

Ihe  fi«t  step  of  this  work  was  to  assess  the  quality  of  the  LAMBO  (a  LAM 
operationally  used  in  Emilia  Romagna):.the  forecasts  were  compared  to  the  values 
measured  using  a  dense  raingauge  network  on  die  Reno  river  and  biases  as  well  as 
error  variances  were  derived. 

Successively,  after  generating  a  set  of  future  precipitation  traces  by  means  of  a 
stochastic  nearest  neigh^ur  approach,  the  deterministic  LAM  forecast  was  used 
as  a  biased  and  uncertain  measure  of  the  future  rainfall  occurrences,  within  the 
frame  of  a  Kalman  filter  scheme,  to  correct  the  a  priori  generated  series. 

The  results,  which  show  interesting  properties  in  terms  of  bias  reduction  as  well  as 
in  the  reduction  of  the  uncertainty,  may  be  operationally  used  to  provide  the 
required  discharge  forecasts  together  with  an  estimate  of  their  distribution. 


UNCERTAINTY  PROPAGATION  IN  RAINFALL-RUNOFF 
MODELS 

L.Garrote^'^  and  J.C.Mosquera 

(1)  Universidad  Politdcnica  de  Madrid,  ETS  Ing.  Caminos,  28040  Madrid  Spain 
email  si01@dumbo.camino5.ump.es 

A  numerical  procedure  to  propagate  rainfall  and  parameter  uncertainty 
through  rainfall  runoff  models  is  presented.  The  method  takes  a 
numerical  sample  of  the  rainfall  input  PDF  and  model  parameters  PDF 
and  governs  the  downstream  uncertainty  propagation  through  a 
network  of  model  components.  Each  model  component  receives 
multiple  input  and  generates  multiple  output  through  a  combination  of 
rainfall  and  parameter  alternatives.  Hydrograph  combination  is 
performed  at  connecting  elements,  where  the  number  of  alternatives  is 
reduced  to  a  manageable  size.  Three  selective  criteria  may  be  applied 
to  prevent  the  combinatorial  explosion  as  the  information  flows 
downstream:  synthesis,  similarity  and  relevance.  A  numerical 
experiment  to  test  the  validity  of  the  proposed  model  is  presented. 


A  STATISTICAL  METHOD  FOR  DESCRIBING  UNCERTAINTY  IN  FLOOD 
FORECASTS  FROM  A  HYDROLOGICAL  RAINFALL-RUNOFF  MODEL 
BASED  ON  METEOROLOGICAL  FORECASTS 

0yvind  Langsrud  (1),  Amoldo  Frigessifl),  Hege  Hisdal(2),  Gudmund  H0st(l),  Ole 
Schj0dt-Osino(2)  and  Thomas  SkaueenfZ^ 
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ths@nve.no/Fax:+47  22  95  92  16 

The  uncertainty  associated  with  a  flood  forecast  is  important  for  risk  assessment  and 
useful  in  the  decision  making  process.  For  example,  the  probabilities  of  exceeding 
certain  critical  levels  may  be  more  informative  for  a  decision  maker  than  the 
expected  flood.  Therefore,  it  is  useful  to  quantify  this  uncertainty  and  incorporate  it 
as  part  of  the  forecasting  routine.  For  flood  forecasts  based  on  a  rainfall-runoff 
model,  the  calibration  error  of  the  rainfall-runoff  model  and  the  effect  of  uncertainty 
in  the  meteorological  forecasts  are  taken  into  account.  A  statistical  model  is  fitted  to 
two  years  of  simultaneous  values  of  the  1-6  days  ahead  forecasts  of  temperature, 
precipitation  and  runoff  for  two  catchments  in  Norway.  The  calibration  error  of  the 
rainfall-runoff  model  is  estimated  from  10  and  40  years  of  daily  observations  from 
the  same  two  catchments.  Our  analysis  indicates  that  the  forecast  errors  are 
approximately  proportional  to  discharge,  and  have  an  autocorrelated  structure.  An 
autoregressive  model  was  fitted  to  each  catchment,  with  stratification  on 
temperature,  precipitation  and  snow  cover.  The  resulting  model  gives  prediction 
confidence  intervals  given  meteorological  and  hydrological  forecasts.  We  illustrate 
the  use  of  the  model  on  a  verification  data  set. 


DOWSCALING  OF  RAINFALL  PREDICTIONS  AND  UNCERTAINTY  IN 
THE  ASSOCUTED  FLOOD  EFFECTS  AT  THE  GROUND 
L,  Lnnrii  and  F.  La  Barbera  {Hydraulics  Institute,  University  of  Genova,  1 
Montallegro,  16145  Genova,  Italy). 

One  major  concern  in  the  operahonal  use  of  rainfall  predictions  obtained  from 
numerical  meteorological  models  is  that  forecasting  is  provided  m  terms  of 
integrated  quantities  over  a  resolution  grid  of  the  order  of  100  km  in  space  and  3/6 
hours  in  time.  In  all  cases  where  the  catchment  size  is  smaller  than  the  model 
resolution  in  space,  and  consequently  the  hydrological  response  time  is  shorter  than 
the  resolution  in  time,  some  downscaling  of  rainfall  predictions  is  required.  This 
involves  introduction  of  additional  uneertainlies  with  respect  to  those  already  present 
in  the  meteorological  prediction  chain,  due  to  the  structure  and  parameterization  of 
•the  mesoscale  models  used.  Following  the  downscaling  exercise,  distributed 
hydrological  rainfall-runoff  models  can  be  used  to  determine  the  expected  flood 
peaks  in  all  catchments  that  are  covered  by  the  predicted  rainfall  field.  Some 
preliminary  results  are  presented  about  the  downscaling  of  rainfall  predictions 
obtained  by  LAM,  using  a  simple  algorithm  based  on  the  separation  of  the  rainfall 
fluctuations  in  space  and  time.  Buctuation  in  space  are  synthetically  generated  in  the 
form  of  a  Gaussian  bi-dimensional  field  with  zero  mean,  unit  variance  and  specified 
correlation  structure.  The  correlation  in  time  is  derived  from  that  in  space  in  the 
hypothesis  that  the  coherence  of  scale  in  the  outcoming  rainfall  field  is  preserved. 
lUsults  of  the  simulation  of  the  extreme  precipitation  event  observed  on  September 
1992  over  western  Liguria  (Italy)  are  presented  in  terms  of  flood  peak  estimates. 


A  STOCHASTIC  APPROACH  TO  SPACE-TIME  RAINFALL 
FORECASTING 

D  Mellor  and  P  E  O'Connell.  (Department  of  Civil  Engineering,  University  of 
Newcastle  upon  Tyne,  Newcastle  upon  Tyne,,  NEl  7RU,  United  Kingdom) 
P.E.O'ConnelI@ncl.ac.uk/Fax:  +  44  191  222  6669 

The  MTB  stochastic  space-time  rainfall  model  has  been  developed  for 
generating  ensemble  forecasts  conditioned  on  radar  images.  The  MTB  model 
is  continuous  over  space  and  time,  and  reproduces  the  features  of  observed 
rainfall  fields  at  four  distinct  scales:  raincells,  cluster  potential  regions, 
rainbands  and  the  overall  outline  of  a  storm  at  the  synoptic  scale.  An  inversion 
procedure  has  been  developed  for  inferring  a  construction  of  the  MTB  model 
from  a  given  sequence  of  radar  images.  This  procedure  is  then  used  to  generate 
ensembles  of  future  rainfall  scenarios  for  various  time  origins  which  are 
consistent  with  a  currently  observed  storm.  The  ensembles  are  converted  into 
ensembles  of  flow  forecasts  for  the  Brue  catchment  in  South-West  England,  to 
demonstrate  the  feasibility  of  the  approach  for  real-time  flood  forecasting. 
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UNCERTAINTY  ASSESSMENT  OF  EXTREME  RAINFALL  FORECAST 
G.  Storti  flL  P.  Fureolo  (2)  and  P.  Villani  (3) 

(1)  Dip.  di  Scienze  Economiche,  University  of  Salerno,  (2)  D.LI.IA.,  University  of 
Catania,  (3)  Dip.  di  Ingegneria  Civile,  Univeisity  of  Salerno. 

Meteorological  quantitative  precipitation  forecast  (QPF)  models  are  promising 
techniques  for  iitqrroving  hy^oiogical  real  time  forecast  performance.  The  usual 
assumptions  underlying  QPF  models  do  not  allow  to  easily  deal  with  the  evaluation 
of  predictive  uncertainty.  Arbitrary  distributional  assumptions  are  often  induced  in 
the  model  in  order  to  achieve  this  purpose.  At  the  present  time,  a  suitable  ^tenuitive 
is  offered  by  hydrological  precipitation  forecasts  obtained  by  stochastic  models 
based  on  rain-gauge  network  records  or  weather  radar  image.  Bayesian  forecasting 
offers  a  natural  approach  to  the  evaluation  of  predictive  uncertainty.  The  procedure 
requires  the  specification  of  a  likelihood  ftmction  and  a  prior  distributidn  for  the 
predictions.  The  posterior  distribution  is  then  evaluated  recursively  fiom  the  data  as 
new  observations  become  available.  A  measure  of  uncertainty  is  generated  via  the 
estimation  of  posterior  distributions  for  predictions.  Practical  operational  hydrologic 
models  usually  deal  with  areal  precipitation  forecasts  obtained  from  areal  or 
mtiltisite  observations.  For  this  purpose  the  previously  mentioned  procedure  must  be 
associated  with  a  technique  for  the  spatial  aggregation.  The  present  work  mainly 
regards  the  former  step.  In  order  to  illustrate  the  procedure,  an  application  to  rainfall 
data  recorded  in  a  dense  rain-gauge  network  located  in  Arno  basin  is  presented. 
Particular  attention  will  be  payed  to  the  analysis  of  very  extreme  events  (outliers), 
typical  of  mediterranean  regions. 
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SENSITIVITY  EXPERIMENTS  ON  THE  RESPONSE  OF  LAND 
SURFACE  WITH  THE  COUPLED  MODEL  RAMS-LSPM. 

C.  Cassardo(l).  Niu  Guo-Yue(2),  Qian  Min-Wei(2),  A.  Longhetto(3) 
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A  coupled  model  of  RAMS  mesqscale  model  (version  3b)  and  a  well-developed 
land  surface  processes  model  (LSPM,  version  3.0)  has  been  established.  The  aim  of 
this  work  was  to  improve  the  regional  water  balance  representation,  in  order  to 
reproduce  the  regional  climate  in  a  mote  accurate  way. 

The  important  elements  for  regional  water  balance  such  as  precipitation, 
evapolianspiratioo,  sur&ce  runoff,  infiltration  and  bottom  drainage  processes  have 
been  included  in  the  coupled  model.  Some  sensitivity  experiments  to  soil  and 
vegetation  parameters  (such  as  soil  type,  initial  soil  moisture  content,  vegetation 
coverage,  minimum  stomoial  resistance,  leaf  area  index  and  canopy  resistance) 
have  been  done,  and  the  results  have  been  simultaneously  compared  with  the  ones 
of  the  original  RAMS3b  surface  model.  The  results  show  that  the  coupled  model 
RAMS-LSPM  produces  more  realistic  estimates  of  the  apportionment  between 
sensible  and  latent  heat  fluxes  with  respect  to  the  original  surface  scheme. 


neural  networks  for  DATA  QUALITY  CONTROL 
F.Benvenuto  (1),  A  Marani  (1,2),  S.  Silvestri  (1) 
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The  understanding  of  data  on  atmospheric  processes  requires  ever  new  handling 
techniques  in  order  to  cope  with  the  large  amount  of  complex  information  collected 
by  direct  and  remote  sensing  measurement  systems.  The  growth  of  automatic 
instruments  capable  of  unsupervised  operation  simplifies  the  collection  of  these 
data  and  their  storage,  but  the  data  end  up  in  memopr  without  having  undergone 
checkiiig.  The  restoration  of  an  incomplete  time  series  of  data  and  the  resolution  of 
the  outliers  present  many  difficulties  and  there  are  just  a  few  methodological 
proposals  on  this  topic.  The  present  research  illustrates  the  use  of  a  neu^  network 
in  data  quality  control  and  reconstruction.  The  approach  consists  of  training 
through  a  back  propagation  supervised  procedure  a  neural  network  of  fixed 
architecture,  comparing  real  to  virtual  data  produced  by  the  network.  Neural 
networks  are  applied  to  the  problem  of  interpolating  and  extrapolating  daily 
ma.ximutn  temperature  as  well  as  to  nowcast  of  tropospheric  ozone  concentration 
values.  Different  network  architectures  ate  explored  and  applied  to  a  number  of 
time  secies  of  data  measured  in  different  places  and/or  in  different  time  periods. 
Observed  and  predicted  data  are  compared  to  test  the  efficacy  of  neural  algorithms 
in  predicting  environmental  processes.  To  understand  the  ojMration  of  neural 
networks  it  is  useful  to  work  with  simplified  network  architectures.  As  an  example, 
results  are  reported  using  networks  with  only  one  input  neuron,  one  hidden  layer 
with  three  neurons,  and  one  output  neuron.  The  results  presented  show  that  neural 
models  not  only  represent  an  efficient  alternative  to  classical  models,  but  also  allow 
improvements  in  data  quality  control  and  in  short  term  forecast. 


SIMULATION  OF  A  SEVERE  WEATHER  EPISODE  IN 
PIEDMONT  (3-5  NOVEMBER  1994)  USING  THE  COUPLED 
MODEL  RAMS-LSPM. 


C.  Cassardo(I).  Niu  Guo-Yue(2),  Qian  Min-Wei(2),  A.  Longhetto(3) 

(1)  Department  S.T.A.,  Univeisity,  Alessandria,  Italy 

(2)  LAPC  Chineese  Academy  of  Sciences,  Beijing,  China 

(3)  Department  of  General  Physics,  University,  Turin,  Italy 
cassardo@ph.unito.it  /  Fax; +39-1 1-658444 


A  coupted  model  of  RAMS  mesoscale  model  (version  3b)  and  a  well-developed 
land  surface  processes  model  (LSPM,  version  3.0)  has  been  established.  This 
coupled  model  has  been  used  to  simulate  a  severe  weather  process  which  leads  to 
the  disasuxxis  flood  in  north  Italy  during  4-7,  Nov.,  1994,  simultaneously  compared 
with  the  observations  and  the  original  version  of  RAMS3b.  The  geopolential,  the 
stream  lines  and  temperature  and  hunudity  fields  are  represented  almost  equally  by 
the  new  version  RAMS3b  and  by  the  old  one.  On  the  contrary,  the  differences  of 
the  land  surface  sensible  and  latent  heat  fluxes  are  large,  and  this  &ct  causes  a 
considerable  differences  between  the  the  precipitation  calculated  by  the  two 
versions.  The  main  differences  exsists  in  the  response  of  soil  to  the  precipitation. 
The  soil  moisture  of  the  old  version  RAMS3b  never  saturates  under  the  strong 
input  of  precipitation,  while  in  the  coupled  model  the  soil  has  been  saturated  for 
one  day  causing  strong  surface  runoff,  which  constitutes  the  flood. 
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USING  PROBABILISTICS  DISTRIBUTION  IN  A  REAL  TIME 
FLASH  FLOOD  FORECASTING  SYSTEM 

R.  Datin.  S.  Guilbaud  &  Ch.  Obled 
LTHE,  BP  S3, 38041  Grenoble  cedex  9,  France 
datin@hmg.inpg.fr ;  fax  :  (33)  476-82-52-86 

Efficient  flood  warning  in  rural  catchments  requires  lead-times  of  at  least  6 
to  12  hours,  while  nowcasting  in  mountainous  regions  cannot  provide 
forecasts  beyond  1  or  2  hours  ahead.  So  the  flood  forecaster  should  use  as 
input  to  his  hydrological  models  rainfall  scenarios  which  may  be  derived  by 
diHerent  techniques. 

Our  first  aim  was  to  build  a  rainfall  generator  conditioned  by  the  immediate 
observed  past  while  respecting  the  climatological  structure  of  storms.  Ne.xt 
this  paper  shows  that  conditioning  by  the  e.xpected  future  is  fruitful.  Here 
the  forecast  used  is  expressed  as  the  conditional  distribution  of  the  daily 
totals  expected  over  a  fixed  time  window.  Moving  from  the  current  day  to 
the  next  can  be  smoothly  managed  by  using  progressively  a  mixture  of  the 
forecast  for  the  current  day,  partially  elapsed,  and  of  the  forecast  available 
for  the  next  day. 

An  e.xample  is  displayed  on  the  upper  part  of  the  Ardiche  river  basin  (121 
km^).  It  is  shown  that  using  the  future  for  scenarios  is  more  informative  that 
using  only  the  immediate  past,  in  terms  of  discharge  forecasting. 

FROM  FLOOD  FORECASTING  TO  REGIONAL  WARNING. 

L.  Ferraris  (1),  A.  Romairone  (1)  and  F.  Siccardi  (1) 

(1)  CIMA  -  Environmental  Monitoring  Research  Centre,  University  of  Genova, 
Italy. 

The  morphology  of  the  Northern  Mediterranean  coastline  is  made  up  by  small- 
medium  catchements  (10-1000  km^)  historically  developed  by  a  number  of  vil¬ 
lages  and  cities.  Final  flood  plains  had  been  developed  in  the  past  centuries 
by  reducing  braided  riverbeds  into  narrow  channels  which  design  was  based  on 
the  past  centuries  hydrological  experiences.  By  this  reasons  inundation  events 
of  historical  city  centers  are  very  frequent  and  proper  civil  protection  policies 
require  to  issue  during  the  flood  season  early  warning  messages  to  risk  exposed 
population.  Space  and  time  scales  of  the  available  meteorological  deterministic 
models  exceed  the  size  of  most  catchements.  To  quantify  the  uncertainty  of  the 
rainfall  inputs  is  quite  difiicult.  Past  decade  extreme  events  evidence  over  the 
Liguria  Region  is  presented.  Events  are  described  by  LAM  outputs,  Meteosat 
images  and  ground  observations.  Coherence  between  predictions  and  ground 
effects  of  rainfall  events  is  also  discussed.  Experimental  evidence  suggests  that 
robust  methods  are  required  to  estimate  in  advance  risk  conditions  leading  to 
early  warning  diffusion.  The  space  scale  of  Ligurian  watersheds  and  the  inher¬ 
ent  meteorological  inputs  uncertainty  require  to  target  to  ample  subregions  the 
early  warning.  A  few  examples  of  true  and  false  alarms  are  finally  discussed. 


UNCERTAINTY  ASSESSMENT  IN  THE  PREDICTION  OF 
EXTREME  RAINFALL  EVENTS:  AN  EXAMPLE  FROM  THE 
CENTRAL  SPANISH  PYRENEES 

J.M.  Garcfa-Ruix  (1),  S.M.  White  (2),  A.P.  Bordonaba  (1)  and  A.  Moreno  (1) 

(1)  Instituto  Pirenaico  de  Ecologfa,  Campus  de  Aula  Dei,  Apanado  202,  S0080- 
Zaragoza,  Spain.  (2)  School  of  Engineering,  Universiui  of  Durham,  Science  Park, 
Durham,  DH13LE,  UK 
hiimberto@gustavo.mizar.csic.es 

Extreme  pluviometric  events  are  very  unfrequent  in  time  and  very  erratic  in  space.  In 
general,  they  affect  few  square  kilomeues  in  their  most  active  part,  as  several 
catastrophic  rainfalls  have  demonstrate  (i.e.  the  flood  in  Biescas,  August,  7, 1997) 
and  their  identiHcalion  in  meteorological  data.series  is  very  difncuk  As  a 
consequence,  it  is  almost  impossible  to  make  an  accurate  prediction  of  extreme 
events  using  the  traditional  statistical  procedures.  The  irregularity  is  even  greater  in 
mountain  areas,  where  a  complex  topography  encourages  the  generation  of  isolated 
rainstorms.  In  this  paper  the  application  of  the  Gumbel  formulae  to  a  dense  rain 
gauge  network  (in  the  Central  Spanish  Pyrenees)  confirms  the  impossibility  of 
predicting  the  most  hazardous  areas;  In  fact,  for  a  given  expected  precipitation  in  24 
hours,  the  predicted  return  period  can  oscillate  several  magnitude  orders  even  in 
places  kxtated  less  than  20  kilometres  apart. 


THE  USE  OF  ARTIFICIAL  NEURAL  NETWORKS  OVER 
THERMODYNAMIC  DATA  FOR  EXTREME  RAINFALL  EVENTS 
CLASSmCATION  AND  FORECASTING 

Jos4  Gibergans  Baguena.  Maria-Carmen  Llasat 

Department  of  Astronomy  and  Meteorology,  University  of  Barcelona,  Spain 

The  knowledge  about  the  data  obtained  from  the  radiosounding  ascents  are 
essential  for  the  forecasting,  analysis  or  diagnostics  of  weather.  Particularly  the 
atmosphere's  thermodynamic  analysis  makes  it  possible  to  obtain  information  about 
the  possible  existence  of  instability  or  about  an  auspicious  environment  for 
convection,  the  contents  of  water  vapour  as  well  as  the  possible  formation  and 
development  of  clouds,  and  the  existence  of  wind's  shear  and  jet  streak.  The 
thermodynamic  analysis  has  a  highly  discriminating  fcamre  in  those  situations  in 
which  the  synoptic  situation  does  not  allow  to  completely  justify  either  the 
atmospheric  phenomena  nor  their  distribution.  On  the  other  hand,  artificial  neural 
networks  represent  an  emerging  technology  rooted  in  many  disciplines.  They  are 
endowed  with  some  unique  attributes:  the  universal  approximation  and  the  ability' 
to  learn  from  their  environment.  The  objective  of  this  presentation  is  to  show  the 
use  of  artificial  neural  networks  over  thermodynamic  data  for  e.xtreme  rainfall 
events  classification  and  forecasting  in  Catalonia,  Spain,  using  the  radiosounding 
ascents  of  Palma  de  Mallorca  since  1975  until  1989.  We  have  tested  different 
inputs  (precipitable  water  mass,  equivalent  potential  temperature,  CAPE  and  so  on) 
and  different  learning  processes.  The  results  obtained  have  allowed  to  select  the 
most  representative  variables  and  to  classify'  the  different  rainfall  events  in 
relationship  with  the  thermodynamic  variables 


USE  OF  THE  REANALYSEO  DATASET  OF  THE  NECP/NCAR  TO 
IMPROVE  DAILY  QUANTirATIVE  PRECIPITATION  FORECAST  BY  AN 
ANALOGUE  TECHNIQUE 

S  Guilbaud  tad  Ch.  Obled 

LTHE,  BP  53, 38  041  Grenoble  Cedex  9,  Fiance 

iophle.guiJbaud@hmg.inpg.fi  /ihx ;  (33)  476  82  52  86 

The  NCEP/NCAR  reanalysis  project  has  produced  a  40-year  (1955-1995)  record  of 
tfobal  analysts  of  ttmo^bric  fields,  through  the  tame  model.  It  offers  very 
interesting  perspectives  for  forecasting  methods  based  on  analog  techniques, 
because  they  ate  mainly  reliant  on  the  lenglh,  the  homogeneity  and  the  fullness  of 
the  historii^  data  file.  That's  wIq;  these  le-analysed  dataset  is  being  tested  in  a 
daily  quantitative  precipitation  (breast  method  using  analog  situations  sorting  out. 
The  analogy  criterion,  initiaUy  a  simple  Euclidean  distance,  has  been  successfiiily 
replaced  by  tbe  Tewelet-Wobus  score  applied  on  700  and  1000  hPa  geopotenti^ 
fields.  But  these  fields,  stemming  firom  Elceulciid  de  France  and  Mftfo-France,  are 
not  veiy  homogeneous  beause  they  have  been  modified  eveiy  lime  Uic 
meteorological  model  has  changed. 

So,  at  first,  we  will  present  significant  results  obtained  by  changiog  the  analogy 
criterion  into  the  Tcweles-Wobus  score.  Then,  these  results  will  be  compared  with 
those  cblained  with  the  same  geopoleniJal  fields  (700  and  1000  hPa),  but 
reanalysed  hy  the  NCEP/NCAR  And  finally,  we  will  also  tty  to  enter,  in  the 
analogy  criterion,  new  information  fiom  the  NCEP/NCAR  dataset,  like  hurnidity  at 
low  level,  high  geopotentlal  fields,  potential  vorticity,  wind ... 


SYNOPTIC  AND  MESOSCALE  DIAGNOSIS  OF  A  HAILSTORM 
SITUATION  IN  EASTERN  SPAIN 

V.  Homar.  E.  Tuduri,  R  Romero,  C.  Ramis  and  S.  Alonso 

Meteorology  Group,  Depaitament  de  Fisica,  Universitat  de  les  Hies  Baleare,  Palma 

de  Mallorca,  Spain. 
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On  4  September  1995,  several  convective  ceUs  developed  inland  of  eastern  Spain 
during  the  aflernooa  As  these  storms  grew  and  moved  toward  the  Mediterranean 
Sea,  a  haU  event  occurred  during  the  evening  in  the  Valencia  region.  Hailstones 
attained  diameters  of  up  to  7  cm,  and  the  resulting  losses  in  the  grape  production  of 
the  affected  area  were  veiy  important  The  meteorological  situation  was 
characterized  at  upper  levels  by  a  deep  trough  that  evolved  over  the  Iberian 
peninsula.  The  associated  low-pressure  centre  at  low  levels  absorbed  and  intensified 
a  preexisting  relative  low  off  the  eastern  coasts  of  Spain.  Synaptic  ingredients 
favourable  for  deep  convection  have  been  identified  over  the  ara  where  convective 
cells  developed.  An  investigation  of  the  mesoscale  fatures  reveals  the  existence  of 
a  low-Ievel  convergence  line  over  eastern  Spain  produced  by  the  aforementioned 
pressure  lows,  and  a  dry  cold  air  tongue  introduced  into  the  hfoditerianean  fiom  the 
north  by  a  Genoa  Gulf  low  pressure  centre.  Satellite  pictures  show  the  presence  of 
two  jets  at  two  different  levels  of  the  upper  troposphere,  which  ageostrophic 
circulations  fovour  the  convection  developmenL 
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NUMERICAL  SIMULATIONS  OF  INTENSE  PRECIPITATION 
EVENTS  USING  THE  ETA  MODEL 
S.  Marches!,  S.  Morelli  and  M.  Stortini 

Dip.  Scienze  delPIngegncria  -  Osservatorio  Geofisico,  Modena,  Italy. 

During  recent  years  the  Alpine  region  was  affected  by  several  intense  precipi¬ 
tation  events  which  caused  serious  damages  and  loss  of  human  lives.  In  this  re¬ 
spect  it  is  of  crucial  importance  the  correct  meteorological  forecast  of  the  events 
which  can  be  the  cause  of  potentially  dangerous  situations.  The  Alpine  region 
and  the  Mediterranean  area  in  general  present  features  that  can  heavily  influ¬ 
ence  the  local  atmospheric  flow  and  the  related  phoenomena.  The  occurrence 
of  heavy  rain  over  small  regions  should  require  synoptic  scale  and  mesoscale 
conditions  favourable  to  the  development  of  persisting  upward  motions  and 
moisture  convergence. 

In  the  framework  of  the  international  MAP  project  (Mesocale  Alpine  Pro¬ 
gramme)  some  events  of  the  kind  described  above  were  selected  and  ate  cur¬ 
rently  object  of  intensive  study,  also  using  numerical  models,  in  order  to  un¬ 
derstand  in  details  the  features  of  the  related  atmospheric  flow.  Therefore, 
simulations  of  some  of  these  episodes  using  a  mesoscale  operational  model  were 
performed  and  the  results  will  be  shown,  with  particular  attention  to  the  quan¬ 
titative  precipitation  prediction.  The  model  used  is  the  Eta  model,  version  1993, 
which  is  operational  at  NCEP,  USA.  Comparisons  with  ECMVVF  analysis  and 
with  observed  precipitation  data  will  also  be  shown. 


DEVELOPING  VERSUS  NON-DEVELOPING  CONVECTIVE 
VORTICES  INTO  “HURRICANE-LIKE”  CYCLONES  OVER  THE 
MEDITERRANEAN  SEA 
O.  Reale 

International  Centre  for  Theoretical  Physics,  Trieste,  Italy. 

Beyond  the  more  common,  baroclinic,  orographically  induced  lee-cyclones,  a 
different  category  of  sub-synoptic  scale  vortices,  dominated  by  intense  convec¬ 
tion,  has  been  documented  in  the  Mediterranean  in  late  summer,  fall  and  early 
winter.  Some  of  these  vortices  develop  a  “hurricane-like”  structure.  Dynamics 
and  classification  of  these  vortices  are  discussed  by  0.  Reale  (0.A.12  session). 
In  this  presentation,  two  years  of  the  National  Center  for  Environmental  Pre¬ 
dictions  (NCEP,  USA)  Medium  Range  Forecast  (MRF)  model's  output  are 
analyzed:  1996  and  1997,  emphasizing  the  48  and  72  hour  forecast.  During  this 
period,  4  sub-synoptic  vortices  with  a  hurricane-like  structure  were  detected. 
They  were  all  correctly  predicted,  but  the  model  forecasted  the  insurgence  of 
5  other  events  which  actually  did  not  develop  a  hurricane-like  structure. 

In  this  study  it  is  shown  how  some  dynamical  criteria  adopted  for  the  Trop¬ 
ical  regions  to  distinguish  between  developing  and  non-developing  convective 
vortices,  can  be  successfully  applied  in  the  Mediterranean,  thus  reducing  the 
over-forecasting  error  in  the  NCEP  model.  Particularly,  barotropic  instability 
is  an  important  source  of  energy,  wehereas  baroclinic  instability  acts  as  an  in¬ 
hibiting  mechanism:  their  evaluation  in  the  model’s  output  represents  a  good 
predictor. 


HEAVY  PRECIPITATION  QUANTITATIVE  FORECAST:  A 
COMPARISON  BETWEEN  MEASUREMENTS  AND  LIMITED 
AREA  MODELS  OUTPUTS. 

D.  Sacchetti,  N.  Tescaro,  E.  Trovatore 

Liguria  Region  Meteo-hydrological  Centre,  Via  Dodecanese  33,  16146  Genova, 
Italy. 

davideCcmirll.ge. infn.it/Fax:  [-1-39]  10  353  6263 

Heavy  precipitations  may  frequently  occur  in  all  mediterranean  area,  particu¬ 
larly  in  regions  with  a  steep  and  complex  Orography  like  Liguria.  These  precip¬ 
itations  caused  flash  floods  with  iife  and  property  losses.  The  severity  of  some 
of  those  recent  events  justifies  the  research  efforts  aiming  at  improving  quan¬ 
titative  rain  forecasts.  The  forecast  accuracy  of  heavy  precipitation  and  flood 
hazards  is  obviously  associated  with  the  skill  of  rainfall  forecast  in  space  and 
time.  It  is  well  known  that  atmospheric  General  Circulation  Models  (GCMs) 
provide  precipitation  fields  which,  at  a  resolution  not  suitable  for  weather  and 
hydrological  predictions  in  areas  with  steep  orography,  mostly  because  of  small- 
scale  phenomena  caused  or  triggered  by  orographic  response.  Therefore,  for  re¬ 
gions  with  a  complex  and  steep  orography,  like  Liguria,  the  use  of  a  very  high 
resolution  model  is  needed. 

Our  aim  is  to  compare  forecasted  and  measured  rain  for  a  set  of  events  charac¬ 
terized  by  heavy  precipitations  in  the  Ligurian  Region,  most  of  them  causing 
floods.  To  do  this  we  compared  distribution  patterns  of  precipitation  values 
forecasted  by  Limited  Area  Models  operating  at  different  resolutions. 


NUMERICAL  SIMULATIONS  OF  THE 
VAISON  LA  ROMAINE  FLASH  FLOOD 

J.  Stein.  P.  Hereil  and  N.  Asencio  (METEO-FRANCE,  CNR-M/GMME/Relief, 
42  av.  Coriolis,  31057  Toulouse,  France) 

Numerical  simulations  with  the  nonhydrostatic  anelastic  model  Meso- 
NH  are  carried  out  to  reproduce  the  flash  flood  which  occurs  in  the  city 
of  Vaison  la  Romaine.  This  flood  is  the  result  of  several  mesoscale  con¬ 
vective  system  which  develop  ahead  of  a  cold  front  in  the  southern  part 
of  the  Alps.  In  many  aspects,  this  case  appears  as  a  prototype  case  for 
the  preparation  of  the  MAP  (  Mesoscale  Alpine  Program  ),  which  will 
study  convection  on  the  Alps  as  one  of  its  main  purpose.  Meso-Beta  and 
meso-Gamma  scale  phenomena  will  be  discussed  with  the  help  of  nested 
simulations,  using  meshes  equal  to  20  and  2.5  kilometers.  Quantitative 
comparison  with  rain  gauge  and  radar  observations  will  be  used  to  vali¬ 
date  the  simulations.  Then,  the  orographic  and  sub-synoptic  influences 
(  cut-off  low  and  streamer )  will  be  analysed  for  the  convection  trigger¬ 
ing  in  both  simulations  in  order  to  understand  this  complex  case. 


STUDY  ON  THE  ROLE  PLAYED  BY  A  MINOR  MOUNTAIN 
CHAIN  IN  TRIGGERING  DEEP  CONVECTION 
N.  Tescaro,  D.  Sacchetti,  E.  Trovatore 

Liguria  Region  Meteo-hydrological  Centre,  Via  Dodecanese  33, 16146  Genova, 
Italy. 

TescaroOcnirll.ge.iafn.it/Fax:  [-t-39]  10  353  6263 
Numerical  Weather  Prediction  models  allow  the  investigation  of  the  interaction 
of  the  atmosphere  with  mountain  chains.  It  is  well  known  that  warm  and  moist 
overrunings  and  low-level  moisture  flux  convergence  can  be  strongly  amplified 
by  orography,  with  large  increase  of  precipitation  as  a  consequence.  Moreover, 
vertical  motion  and  convection  can  be  triggered  and  enhanced  by  orography. 
AH  these  events,  but  particularly  the  latter,  are  obviously  underestimated  by 
General  Circulation  Models,  which  cannot  describe  the  spatial  variability  shown 
by  precipitation  fields  over  areas  in  which  the  orography  scale  displays  a  high 
spatial  frequency.  Therefore,  for  regions  with  a  complex  and  steep  orography, 
like  Liguria,  the  use  of  very  high  resolution  models  is  needed. 

In  order  to  evaluate  the  effect  of  a  minor  mountain  chain  (the  Apennines,  Italy) 
on  the  atmospheric  mesoscale  flow,  a  simulation  of  some  extreme  events,  that 
affected  the  western  Mediterranean  producing  high  precipitation  amounts  and 
floods  over  Liguria  (Italy),  have  been  performed  with  the  Limited  Area  Model 
(LILAM)  operationally  used  to  make  weather  forecast  in  our  centre.  The  aim  of 
the  present  work  is  to  investigate  the  role  played  by  a  minor  chain  in  modifying 
the  small  scale  atmospheric  flow,  with  emphasis  on  the  role  played  in  triggering 
deep  convection. 


OPERATIONAL  USE  OF  REAL-TIME  FLOOD  FORECASTING 

R.  Todini.  (Dept,  of  Earth  and  Geo-Environmental  Sciences,  University  of 
Bologna,  Via  Zamboni  67,  1-40127  Bologna,  Italy);  R.  Vignoli  (ET&P  - 
Environmental  Technologies  and  Products,  Via  Musolesi  1/a,  I-40I38  Bologna, 
Italy) 

Following  a  brief  overview  of  the  state  of  the  art  in  real-time  data  acquisition  and 
flood  forecasting,  this  paper  aims  at  presenting  a  number  of  real-time  flood 
forecasting  and  warning  systems,  operationally  installed  in  Italy  as  well  as  in 
Germany  and  in  China,  based  upon  the  European  flood  forecasting  Operational 
Eeal-fime  System  (EFFORTS)  originally  developed  at  ET&P  on  behalf  of  the 
Commission  of  the  European  Communities. 

Problems  encountered  and  the  use  of  forecasts  in  the  decision  making  process 
aimed  at  reducing  the  risk  due  to  flooding,  will  be  discussed.  Finally,  a  recent 
example  of  application  for  the  management  of  lake  Como  in  Italy  will  be 
presented.  In  this  application  real-time  flood  forecasting  is  combined  to  a  real  time 
stochastic  optimisation  algorithm  in  order  to  increase  the  expected  value  of  benefits 
deriving  from  the  use  of  waters  (irrigation  and  hydro-power)  while  reducing  the 
expected  damages  due  to  the  flooding  of  Como  main  square. 
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FLOOD  PREDETERMINATION  MODEL  BASED  ON  HOURLY 
RAINFALLS  STOCHASTIC  GENERATION 

P.  Amaud  (1).  J.  Lavabre  (1) 

(1)  Cemagref  BP  31,  LeTholonet,  13612  Aix-en-Provence 
patriclc.amaud@cemagref.fr  /  Fax  :  -1-334  42  66  99  58 

For  the  needs  of  hydrological  studies,  a  hourly  rainfall  stochastic  model  has 
been  developed  to  be  coupled  with  a  rainfall  runoff  conversion  model.  Thus, 
many  hourly  flood  scenarios  are  obtained  by  simulation  on  very  long 
periods.  The  hourly  rainfall  model  has  been  improved  and  tested  on  a  large 
area,  49  raingauges  located  on  the  French  Mediterranean  seaboard.  With  the 
rainfall  generated,  flow  time  events  are  simulated  with  the  conceptual 
spatially-lumped  model  GR3H.  The  method  has  been  tested  on  17 
watersheds  on  the  studied  area  and  gives  good  results.  The  advantage  of  this 
approach  is  to  obtain  rainfall  and  runoff  temporal  information.  Different 
realistic  flood  scenarios,  which  occurrence  is  obtained  by  simulation,  are 
used  instead  of  a  unique  design  flood.  Moreover,  the  large  use  of  rainfall 
information  and  the  rainfall  runoff  conversion  modelling  seems  to  give  a 
more  important  stability  to  this  approach  rather  than  the  classical  statistic 
methods. 


THE  FREQUENCY  OF  LOW  MAGNITUDE  FLOODS:  A  STUDY  OF  THE 
RELIABILITY  OF  THE  ANNUAL  MAXIMUM  SERIES  METHOD 

Bartlomiej  Wyiga,  Institute  of  Nature  Conservation,  Polish  Academy  of  Sciences,  ul. 
Lubicz46,  31-512  Krakdw,  Poland 

The  analysis  of  annual  maximum  series  is  a  standard  procedure  used  to  establish  the 
recurrence  of  floods  of  a  given  magnitude;  however,  it  ignores  subordinate  peaks  of 
some  years  which  exceed  the  lowest  maxima  of  the  series,  and  thus  underestimates  the 
occurrence  of  low  magnitude  floods.  To  determine  the  reliability  of  the  AMS  method, 
frequency  distributions  of  low  magnitude  floods  derived  either  from  annual  maxima 
(AMS)  or  from  all  peaks  exceeding  a  selected  threshold  discharge  are  compared  for  a 
set  of  gauging  stations  located  in  the  upper  Vismia  River  drainage  basin,  but  on 
streams  with  somewhat  different  flood  regime  and  a  range  of  catchment  areas.  A 
considerable  variation  in  the  mutual  relation  of  the  two  series  exists  among  the 
stations  despite  their  close  proximity.  The  high  variation  remains  even  when  the 
recurrence  intervals  of  the  AMS  are  transformed  to  their  equivalents  in  the  partial 
duration  series  by  means  of  the  Langbein  relationship.  The  divergence  between  the 
AMS  and  PDS  increases  with  growing  variability  of  the  annual  maximum’  discharges, 
and  generally,  the  underestimation  of  flood  discharges  of  a  given  recurrence  interval 
by  the  AMS  is  high  for  streams  with  a  flashy  regime,  but  low  for  streams  with  more 
uniform  run-off.  This  study  shows  that  the  actual  flood  magnitudes  for  a  given 
probability  cannot  be  satisfactorily  obtained  by  means  of  a  simple  transformation  of 
the  recurrence  interval  for  known  AMS  discharges.  Therefore,  despite  the  long 
tradition  of  using  the  AMS  method,  it  is  recommended  that  the  partial  duration  series 
method  shWlWbe  employed  when  evaluating  the  occurrence  of  low  magninide  floods. 


LAST  YEAR  SUMMER  FLOODS  IN  MORAVIA:  WHAT  IS  THE  FUTURE? 
L.  Bodri  (1)  and  V.  fcermdk  (2) 

(1)  Geophys.Dept.,  Eotvos  Univ.,  Budapest,  (2)  Gcophys.Inst.,  Czech  Acad.Sci., 
Praha 

cermak@ig.cas.cz/Fax: + 422-761549 

Dramatic  floods  occurred  in  Central  Europe  in  summer  1997,  Czech  Republic 
being  afflicted  especially  in  its  eastern  part  -  Moravia.  Predictive  approach  when 
modeling  flood  recurrence  may  be  helpfiil  in  flood  management.  Summer  floods 
are  typical  by  saturated  catchment  due  to  long-lasting  heavy  precipitation 
followed  by  an  extreme  rainfall.  We  analyzed  temporal  variability  of  precipitation 
time-series  by  fractal  analysis,  revealing  persistent  fractional  noise  with 
dimensions  of  1.3-1.4.  Precipitation  appears  to  be  a  random  small  amplitude 
fluctuation  superposed  on  a  background  controlled  by  more  regular  quasi-cycles. 
While  the  individual  up-down  runs  last  3-5  years,  the  persistent  trends  may  take 
more  than  15-30  years.  The  precipitation  character  in  Moravia,  being  declining 
with  a  rate  of  2-5  mra/yr  during  the  past  30-35  years,  changed  suddenly  to  the 
opposite  tendency  following  the  dry  period  of  1992-94.  We  modelled 
precipitation  fluctuations  with  the  Mandelbrot’s  fast  fractional  Gaussian  noise 
tecnique.  Simulations  were  used  for  stochastic  prediction  of  the  precipitation 
trends  causing  summer  floods.  Our  results  seem  to  give  evidence  that  higher 
precipitation  in  the  last  years  is  not  a  sort  of  provisional  run  but  belongs  to  a 
persistent  trend. 


REGIONAL  ESTIMATION  OF  HIGH  INTENSITY  SHORT  DU¬ 
RATION  RAINFALL  EVENTS 
G.  Boni,  A.  Cavallo  and  F.  Siccardi 

CIM.A  -  Environmental  Monitoring  Research  Centre,  University  of  Genova, 
Italy. 

horseOcima. unige.it/Fax:  [39]  19-862612 

The  procedure  for  regional  estimation  of  excess  probability  has  been  applied 
to  high  intensity  short  duration  rainfall  events  in  order  to  evaluate  the  flood 
hazard  in  Ligurian  catchments.  TCEV  -  Two  Components  Extreme  V'alue  - 
probability  distribution  has  shown  excellent  descriptive  and  predictive  capabil¬ 
ities,  as  compared  with  usual  EV  probability  distributions.  The  determination 
of  scale  parameter  has  been  performed  by  linking  ground  observed  historical 
data  with  remote  sensing  observation  of  the  typical  extreme  storm  structure 
over  the  region.  The  observed  variability  of  the  scale  parameter  across  the  region 
suggests  that  the  maximum  annual  short  duration  rainfall  depth  process  has  its 
central  measure  controlled  by  a  simple  physics.  Convective  processes  over  Lig¬ 
uria  region  are  mainly  driven  by  orographic  uplift:  the  relative  angle  between 
the  southern-slope  of  the  Ligurian  Apennines  and  the  direction  of  largest  S-.N 
fetch  seems  to  control  the  intensity  of  deep  convection.  Experimental  evidence 
is  presented 


A  METHODOLOGY  FOR  THE  ESTIMATION  OF  THE  IMPACTS  OF 
CLIMATE  CHANGE  UPON  FLOOD  FREQUENCY  (WITH 
UNCERTAINTY) 

D..S.  Cameron'.  K.J.  Beven',  S.  Blazkova*  and  P.  Naden’ 

'  Centre  For  Research  on  Environmental  Systems  and  Statistics,  Lancaster 
University,  Lancaster,  LAI  4YQ.  U.K. 

*  T  G  Masaryk  Water  Research  Institute,  Podbabska  30,  160  62  Prague,  Czech  Rep. 
’institute  Of  Hydrology,  Crowmarsh  Gifford,  Wallingford,  Oxfordshire,  0X10  8BB. 
E-mail:  d.cameron@lancaster.ac.uk  Fax :  (+44)  1524  593985 

A  modelling  strategy,  appropriate  to  the  assessment  of  the  impacts  of  climate  change 
upon  flood  frequencies  within  an  uncertainty  framework,  is  introduced.  The 
methodology  couples  a  stochastic  rainfall  generator  with  the  frequency  version  of 
TOPMODEL  for  the  purposes  of  flood  frequency  estimation.  Following  constraint 
of  non-behavioural  rainfall  realisations  through  the  application  of  an 
observed/simulated  sum  of  absolute  errors  criterion  (based  upon  duration  class 
annual  maximum  rainfalls),  multiple  realisations  of  potential  annual  maximum  flood 
frequency  curves  are  produced  through  the  use  of  continuous  simulation  and  Monte 
Carlo  techniques.  Further  constraint  of  these  realisations  is  then  achieved  via  an 
observed/simulated  flood  peak  sum  of  absolute  errors  measure,  low  flow 
conditioning,  and  calibration/validation  for  continuous  rainfall/runoff  modelling. 
Uncertainty  in  the  flood  frequency  predictions  is  estimated  using  these  behavioural 
realisations  within  the  Generalised  Likelihood  Uncertainty  Estimation  (GLUE) 
framework.  Example  applications  are  provided  for  assumed  "stationary"  conditions. 
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regional  increase  of  winter  floods  in  southwest 

GERMANY  CAUSED  BY  ATMOSPHERIC  CIRCULATION  CHANGES 
H.  J.  Caspary 

FH  Stuttgart  -  Hochschule  Sir  Technik,  Stuttgart 
caspaiy.fbb@fht-stuttgart.de/  Fax:  +  49-72 1-892037 

Instationarity  in  the  time  series  of  annual  peak  flow  will  be  demonstrated  for  the 
Enz  River  Basin/Black  Forest  (A  =  1  477  km^),  the  upper  Danube  (A  =  1  320  km\ 
and  the  Nahe  River  Basin  (A  =  2  382  km^)  in  Southwest  Germany.  The  reason  for 
this  is  a  dramatically  increase  in  frequency  and  persistence  of  the  large  scale 
atmospheric  circulation  type  "West  cyclonic”  (Wz)  for  the  wintermonths  (Dec.- 
Feb.).  During  the  observation  period  (1926-1997)  nearly  all  e.xtrerae  floods 
including  the  floods  of  Feb.  1990,  Dec.  1993,  and  Jan,  1995  for  all  three  Basins 
have  been  caused  by  weather  type  "Wz"  during  winter.  Nonparametric  tests  show 
that  instationarity  starts  for  the  winter-Wz-frequencies  and  the  annual  peak  flows 
of  the  ENZ  River,  the  Nahe  River,  and  the  upper  Danube  Basin  in  the  period  of 
1972  -1977.  By  this  a  shift  to  an  increased  flood  risk  will  be  demonstrated  for  the 
three  river  basins.  Instationarity  of  the  peakflows  is  caused  by  a  significant  increase 
of  winter  precipitation  which  itself  is  caused  by  changes  of  the  atmospheric 
circulation.  This  leads  to  the  HYPOTHESIS:  “If  the  frequency  and  persistence  of 
the  circulation  type  "Wz"  will  become  stabilised  on  the  actual  high  level,  many 
river  basins  in  hilly  regions  of  Southwest  Germany  will  have  a  dramatically 
increased  flood  risk."  Instationarity  does  not  concern  all  Germany,  but  it  is  a 
serious  regional  problem  for  many  river  basins  of  Southwest  Germany 


The  influence  of  the  local  catastrophical  phenomena  in  the 
atmosphere. 

D.  Chitaladze,  Z.  Khvedelidze. 

Tbilissi  State  Univ„  3,  Av  Tshavtshavadze,  380002  Tbilissi,  Georgia 

It  is  well-know  that  the  concentration  of  the  harmful  substances  in 
the  atmosphere  sharply  changes  during  catastrophical  phenomena 
which  results  in  the  further  alteration  of  the  regional  and  then  global 
climate.  Due  to  such  phenomena  as  shower-  type  precipitations, 
intence  rains  heavy  showing,  the  atmosphere  clears  from  the 
harmful  substances  but  at  the  same  time  there  is  a  peculiar  pollution 
of  the  soil,  rivers,  lakes  and  then  seas  and  the  oceans  in  the  given 
region.  Sfrong  winds  which  disperse  harmful  substancesfrom  the 
given  region  ovev  the  large  territories  are  also  of  great  importance. 
In  order  to  study  the  given  problem  statistical  data  of  the 
meteorological  valuea  for  the  last  15  years  on  the  territory  of 
Georgia  will  be  analysed  using  30  meteorological  station. 


REGIONAL  GEOSTATISTICAL  ANALYSIS  OF  VERY  EXTREME 
RAINFALL  AND  FLOODS 

P.  Furcolo  (11.  F.  Rossi  (21  and  P.  Villani  (2) 

(1)  D.I.I.I.A.,  University  of  Catania,  (2)  Dip.  di  Ingegneria  Civile,  University  of 
Salerno. 

Natural  hydrometeorological  disasters  in  the  Mediterranean  region  are  generated  in 
the  past  essentially  by  outlying  events  characterized  by  extremely  large  rainfall 
intensity  and  rare  occurrence.  Because  of  their  rare  occurrence,  these  extreme  events 
can  be  treated  only  on  regional  frequency  bases,  to  reduce  parameter  uncertainties 
estimation  in  gauged  sites,  arid  for  risk  evaluation  in  ungauged  sites.  A  statistical 
regional  model  includes  (i)  a  probabilistic  model,  which  can  explain  the 
extraordinarily  high  rainfall  and  floods  observed  in  the  past;  (ii)  a  regionalization 
model,  which  can  take  into  account  the  observed  spatial  variability  of  the  statistical 
parameter  of  the  probabilistic  model.  Here,  a  regionalization  model  is  shown,  based 
on  TCEV  distribution  probabilisti  model,  with  a  geostatistical  analysis  of  its 
parameters.  The  regional  model  considers  that  the  observed  variance  comes  from 
two  sources:  sampling  variability,  due  to  uncertainties  into  point  estimates,  and 
spatial  variability,  due  to  effective  difference  between  sites.  Usual  geostatistical 
techniques  refe  to  the  exactitude  property  in  gauged  sites.  At-site  estimates  are 
affected  by  sampling  uncertainty,  that  can  be  predominant  for  high  order  parameters. 
An  iterative  procedure  is  implemented,  which  allows  to  obtain  the  spatial  structure  of 
the  noiseless  variate.  First  results  are  shown,  with  reference  to  a  case  study  for  an 
Italian  region.  The  objective  differentiation  between  areas  with  different  risk  is  one 
of  the  most  important  finding  of  the  proposed  regionalization  procedure. 


ANALYSIS  OF  THE  METEOROLOGICAL  PATTERNS  PRODUCING 
FLASH  FLOOD  IN  THE  IBERIAN  PENINSULA 

L.Gimeno(l),  A.Rua (2) ,  M.Blanco(l), 

D.Vidueira(l) 

(1)  Facultad  de  Ciencias  de  Orettse,  Univeridad  de 
Vigo,  (2)  Departamento  de  Estadistica,  Universidad 
Complutense  de  Madrid. /Fax  34  88  387159 

During  October  and  November  1997,  more  than  twenty 
people  died  in  the  Iberian  Peninsula  as  a  result 
of  flash  flood.  This  situation  repeats  every  year. 
The  meteorological  patterns  that  produced  the 
intense  rain  that  resulted  in  flash  flood  differ 
widely.  Very  intense  synoptic  patterns  like  front 
or  cutt-off-lows,  mesoescale  convective  systems  or 
even  intense  storms  can  produce  flash  flood.  In 
this  study  we  analyze  the  meteorological  patterns 
producing  flash  flood  in  the  Iberian  Peninsula  in 
the  last  ten  years. 


COMPARISON  OF  FLOOD  FREQUENCY  MODELS  BASED  ON 
EXTREME  RAINFALL  ANALYSIS 

E.  Ferrari 

Dip.  Difesa  del  Suolo,  Univetsili  di  Calabria,  87040  Montalw  Uflugo  (CS),  Italy 
Email:  fcrrari@dsserver.umeal.it  f  Fax:  +39-W-934245 

Flood  frequency  analysis  often  copes  with  scarcity  of  hydrometrical  data.  The  use 
of  the  whole  available  hydrological  information,  both  floods  and  rainfalls  recorded 
in  a  large  homogeneous  area  around  the  cxainincd  basin,  improves  design  flood 
estimation.  Parametrical  methods  of  idcntifyii^  these  areas  have  some  attraction 
to  could  ghe  bad  results.  Moving  from  the  index  flood  method,  a  hierarchical 
regional  approach,  employed  in  the  Italian  VAPl  flood  evaluation  project,  gathers 
all  the  extreme  hyrihelogieal  scries  belonging  to  an  homogeneous  area,  whose 
extension  depends  on  the  otder  of  an  appropriate  statistics.  Particularly  TCEV 
dSstribution,  employed  in  this  procedure,  ^r&rms  daily  rainfall  analysis  for  the 
identiCcation  of  homogeneous  hydrometric  regions  and  subregions.  Moreover 
hourlv  lairtEall  analysis  is  performed  for  iDde.x  flood  lelationsb^.  The  growth 
curves  so  obtained  arc  robust  enough  to  attention  must  pe  paid  essentially  to  the 
regional  estimation  of  index  fl^  Another  interest  approach  eqpioits 
pluviometric  information  for  flood  distribution  ^  assuming  rainfeU  excess  fullv 
transformed  in  runoff  velume.  This  procedure,  performed  ^  the  French 
AGREGEE  model,  fits  directly  local  flood  data  in  lower  return  period  domain.  For 
higher  return  periods  it  dcrivics  the  sltro  (gradex)  of  flood  distritoion  from  the 
distribution  slope  of  extreme  daily  rainfeU  recorded  in  a  representative  site  of  the 
basin.  The  choose  of  this  plnviometric  site  and  the  threshold  of  rainfall  data 
computed  for  flo^  gradex  estimation  are  some  of  the  peculiar  steps  of  the 
procedure.  Both  AGREGEE  and  TCEV  models  assume  different  behaviour  of  the 
flood's  CDF  for  low  and  high  return  periods.  A  more  dettiled  comparison  arise 
from  the  a^ication  of  the  models  on  various  European  hydrolcgieal  data  base. 


SCALING  OF  REGIONAL  FLOODS  -  AN  L-MOMENTS 
APPROACH 

L.  Goltschalk  f  11.  R.Weinzartner  (2) 

(1)  Department  of  Geophysics,  University  of  Oslo,  P.O.Box  1022 
Blindem,  N-0315  Oslo,  Norway.  (2)  Geographisches  Instilut,  Universitat 
Bern,  Haiierstrasse  12,  CH-3012  Bern,  Switzerland 
lars.gottschaIk@geofysikk.uio, no 

An  approach  to  analyse  scaling  properties  of  floods  from  expected  order 
statistics  and  L-moments  is  here  developed  further  with  respect  to  the 
procedures  for  determining  scale  coefficients.  A  scaling  relation  has  been 
introduced  for  the  expected  order  statistics,  which  allows  the  derivation  of 
a  scale  dependence  of  L-moments,  L-moments  ratios  and  of  parameters  of 
theoretical  distribution  functions.  The  method  used  to  estimate  the  scale 
coefficients  has  a  significant  influence  on  the  behaviour  of  the  tails  of  the 
scaling  relation.  The  effect  of  this  is  illustrated  on  scale  dependencies  for 
the  GEV  distribution,  with  the  EVl  as  a  special  case,  applied  to  a  Swiss 
data  set  consisting  of  182  observation  series  with  at  least  20  years  of 
instantaneous  floods. 
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INCREASING  FLOODING  RISK  CONSIDERING 
SEDIMENTATION  IN  THE  RESERVOIR 

A.  Mosaedi  (Department  of  Water  Resources  Eng.  Technical  University  of 
Budapest,  H-1521,  Budapest,  Hungary.  E-mail:  mosaedi@vitbme.hu) 

Reservoirs  not  only  trap  the  incoming  sediment  load  but  also  reservoir 
sedimentation  increases  the  flooding  risks  because  of  aggravation  upstream  of 
the  reservoir.  Reservoir  sedimentation  results  in  loss  of  storage  capacity  for 
flood  control  and/or  water  supply.  Sedimentation  in  reservoirs  is  a  random 
variable  and  the  value  of  sediment  coming  to  the  reservoir  and/or  passing  the 
outlet,  should  be  considered  as  a  random  variable.  In  the  study  a  probability 
distribution  function  was  found  for  the  accumulated  sediment  in  the  a 
reservoir.  Therefore  the  value  of  accumulated  sediment  for  any  year  during 
the  life  time  of  reservoir  was  estimated.  Accordingly  with  considering  the 
initial  reservoir  capacity,  the  capacity  of  the  reservoir  was  estimated  for  any 
year  after  the  construction  of  the  reservoir.  Obviously  the  reservoir  capacity  is 
decreasing.  Applying  the  Moran’s  Model  for  reservoir  sizing  considering  the 
dependence  of  reservoir  capacity  with  time,  the  probability  of  overflow  for 
every  year  after  construction  of  the  reservoir  was  obtained.  The  results  of  the 
study  shows  how  the  risk  of  flooding  in  downstream  of  the  reservoir  is 
increases  during  the  life  time  of  a  reservoir. 
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MODELLING  THE  MAXIMUM  iPR03A3LE  FLOOD  IN  A 
LARGE  ROMANIAN  RIVER 

Mary-Jeanne  Adler ,  Ciprian  Corbus  (National  Institute  of  Meteorology  and 
Hydrology,  Sos.  Bucuresti-Ploiesti  97,  71552  Bucuresti,  Romania, 
adler@meteo.inmh.ro) 

In  modelling  the  probable  maximum  flood  (MPF)  a  deterministic  method  was 
used,  based  on  the  integration  of  the  probable  maximum  precipitation  (PM?) 
by  means  of  the  rainfall-runoff  model. 

The  quantity,  distribution  on  time  and  space  are  determined  from  the  genetic 
procedures  which  are  based  on  the  maximisation  of  the  some  observed 
extraordinary  rainfalls. 

The  rainfall-runoff  model  simulate  the  following  components:  the  mean  inflow, 
effective  rainfall  and  the  total  flow  on  each  sub-basin,  the  composition  of  the 
flood  waves  and  their  routing  within  the  channel. 

Finally,  some  aspects  of  the  affected  area  are  presented,  as  well  as  the  change 
of  the  parameters  of  routing  of  flood. 


REGIONALIZATION  OF  THE  EXTREME  ANNUAL  RAINFALL  USING 
THE  TWO-COMPONENT  EXTREME  VALUE  MODEL  :  DISCUSSION 
AND  APPLICATION 

B.  RVersiani  (1),  M.C.  Naghettini  (1)  and  P.  Bois  (2) 

(1)  Escola  de  Engenharia  da  UFMG,  (2)  Laboratoire  d’Etude  des  Transferts  en 
Hydrologic  et  Environnement 
vereiani@cce.ufmg.br  /  Fax  ++  55  3 1  238  100 1 

This  paper  presents  the  regionalization  method  of  maximum  rainfall  based  on  the 
cumulative  distribution  function  (  CDF  )  of  the  Two-Component  Extreme  Value  ( 
TCEV  ),  developed  by  Rossi  et  al  (1984)  and  its  application  on  the  daily  maximum 
aruiual  rainfall  samples  over  the  region  of  Minas  Gerais  (  Brazil ).  This  statistical 
model  is  based  on  the  product  of  two  exponentials,  both  representing  a  Poisson 
process:  the  first  corresponding  to  the  most  frequently  maximum  rainfall 
generated  and  the  other  corresponding  to  the  outliers  .  Theoretical  aspects  of  the 
model  are  briefly  presented  and  discussed.  The  regionalisation  technique  is 
divided  in  two  parts.The  first  regionalisation  level  consists  in  defining  the 
homogeneous  regions..  Working  with  dimensionless  values,  the  data  of  the 
homogeneous  regions  are  pooled  together  to  give  a  single  series  of  station-year. 
The  second  regionalisation  level  consists  in  defining  sub-regions  where  the  third 
paremelere  of  the  cumulative  distribution  function  TCEV  are  constant.  The 
procedure  used  is  a  first  step  to  define  hydrological  homogeneous  regions  related 
to  the  flood  frequency  studies. 


USE  OF  WEATHER  RADAR  FOR  THE  MONITORING  OF 

COMBINED  SEWER  OVERFLOWS  IN  BARCELONA  AREA. 

Cartes  Corral  Alexandri  (Univereitat  Politbcnica  de  Catalunya,  Dept. 

d'Enginyeria  Hidrhulica,  Marftima  y  Ambiental). 

Daniel  Sempere  Torres  (Universitat  Politbcnica  de  Catalunya,  Dept. 

d’Enginyeria  Hidrhulica,  Marftima  y  Ambiental). 

Jordi  Raso  Quintana  (Clavegueram  de  Barcelona,  S.A.). 

Pere  Malgrat  Bregolat  (Clavegueram  de  Barcelona,  S.A.). 

In  Mediterranean  region,  climatological  factors  make  combined  sewer 

overflows  a  major  urban  pollution  problem  that  should  be  monitored  and 
controlled.  Some  on  line  management  solutions  require  the  use  of  real-time 
models  to  forecast  flows  at  the  most  sensitive  points  of  the  combined  sewer 
systems.  These  models  need  high  spatial  and  temporal  resolution  of  the  rainfall 
field  that  are  not  sufficiently  reproduced  by  a  conventional  rain  gauge  network. 
Weather  radar  is  introduced  as  a  very  useful  tool  for  reproduce  the  spatial 
fields.  This  paper  presents  a  case  swdy  where  the  use  of  rainfall  estimates  from 
radar  images  is  compared  against  the  use  of  a  raingauge  network  in  terms  of  the 
ability  to  predict  sewer  flows  in  an  urban  basin  located  in  Barcelona.  The 
results  show  that  the  use  of  radar  data  enables  the  combined  sewer  system 
model  to  improve  the  reproduction  of  observed  flows,  and  they  provide  support 
for  the  idea  that  the  spatial  description  of  rainfall  is  a  key  problem  in  modelling 
events  giving  rise  to  combined  sewer  overflows. 


MAPPING  OF  FLOOD  PLAINS.  THE  CASE  OF  THE  SESIA  RIVER 

S.  Barbero  (1),  C.Giampani  (2),  M.Ramasco  (2) 

(1) Servizio  Meteoidrografico-Regione  Piemonte,  TORINO  -  Italy 

(2) Struttura  Studi  e  Ricerche  BDG-Regione  Piemonte, 

The  Piemonte  Region,  within  its  institutional  competencies  regarding  natural  risk 
forecast  and  prevention,  is  experimenting  a  real-time  flood  forecasting  system, 
aimed  to  civil  protection.  This  system  is  made  up  by  an  operative  structure  that 
carries  out  forewarning  operations,  by  an  hydraulic-hydrologic  model  that  allows 
flood  forecasting  and  by  a  flood  risk  analysis  that  leads  to  emergency  planning 
management. 

This  poster  shows  a  method  for  flood  risk  assessment  and  its  application  to  the  Sesia 
River  (left  tributary  of  Po  River).  An  analysis  of  main  flood  events  involving  Sesia 
River,  occurred  in  the  past  fifty  years  (1954,1968,1977,1993,1994)  has  been 
performed  in  this  view  through  air  photography,  historical  sources,  and  field 
surveying  studies.  Moreover  an  hydraulic  model  that  leads  to  flood  forecasting  has 
been  used  to  define  free  boards  in  crossing  and  defence  building,  with  reference  to 
several  different  floods.  Finally,  all  these  studies  allowed  to  recognise  the  most 
vulnerable  areas  close  to  the  river,  outlining  both  the  main  flood  flow  zone  in  a 
significant  event  (1993)  and  the  lateral  zone  at  its  sides  at  flood  risk  in  case  of 
events  characterised  by  flows  comparable  to  those  measured  in  November  1968. 


FLOOD  PLAIN  ZONING  ON  HEADWATER 

M.  Brilly 

University  of  Ljubljnns,  FGG'KSH,  Hsjdrihova  28,  1000  Ljubljana, 
Slovenia 

mbrilly@fagg.uni-lj.si/Fax:  +  386  61  219  897 

Flood  plain  zoning  is  a  well  known  non-structural  measure  and  also  a 
powerful  tool  in  different  aspects  of  the  flood  protection  management. 
We  should  extract  on  flooded  area:  flood  way,  area  flooded  by  ten 
years  return  period  flood,  area  flooded  by  hundred  year  return  period 
flood  and  area  flooded  by  maximum  probable  flood.  On  headwater 
streams  we  suggest  that  river  bank  erosion  and  sediment  deposition 
should  be  incorporated  into  the  zoning.  A  few  hours  of  inundation  can 
not  damage  a  structure  as  much  as  soil  and  river  bank  erosion  can. 
Also  sediment  transport  could  completely  change  hydraulics 
conditions  on  flooded  area.  Potential  erosion  can  be  estimated  by 
hydraulic  and  sediment  transport  models,  geological  data,  and  using 
experience  with  previous  floods. 

The  most  important  characteristics  of  a  flood  for  flood  protection  are 
the  time  lag  from  the  beginning  of  rainfall  to  the  peak  discharge,  the 
time  duration  of  the  flood  wave,  and  the  maximum  velocity  of  the  rise 
of  water  level. 


THE  EXPERIENCE  OF  THE  LIGURIA  REGION  IN  THE  EX¬ 
TREME  EVENTS  MANAGEMENT. 

G.  Boni  (I),  A.  Cavallo  (1),  L.  Ferraris  (1),  P.  Gollo  (1),  A.  Romairone  (1) 
and  C.  Versace  (1) 

(1)  Centro  Meteoldtologico  della  Regione  Liguria,  CIMA  -  Environmental 
Monitoring  Research  Centre,  University  of  Genova,  Italy. 

In  the  past  years  many  efforts  have  been  spent  in  research  for  the  realisation  of 
reliable  systems  for  flood  prediction.  The  final  purpose  of  this  work  is  an  enough 
early  and  efficient  communication  of  the  flood  warning.  Very  often  the  research 
results  in  meteorological  and  hydrological  prediction  are  cancelled  by  the  weak 
link  of  the  chain:  the  information  transfer  from  the  scientific  community  to 
ordinary  people.  In  the  past  few  years  in  Italy  the  Liguria  Region  attempted 
to  produce  an  efficient  system  tor  flood  prediction,  exploiting  the  most  recent 
results  in  atmospherical  and  rainfall  runoff  modelling,  and  able  to  transfer,  in 
the  most  efficient  way,  the  meteo-hydrological  warnings  to  population  living 
in  regions  characterised  by  a  complex  horography.  Rainfall  and  meteorological 
fields  produced  by  a  high-resolution  Limited  Area  model  ace  analysed  in  order 
to  define  the  basin  classes  for  which  the  conditions  are  potentially  hazardous. 
A  discharge  classification  allows  to  link  the  water  level  in  the  river  with  a 
risk  level  and  different  actions  to  undertake.  Once  hazardous  conditions  has 
been  noticed,  warnings  containing  the  risk  level  for  each  basin  class  are  sent  to 
local  authorities.  All  these  knowledges,  described  before,  represent  a  real  help 
to  briefly  transfer  a  clear  message  to  the  population,  allowing  a  simple  and 
efficient  management  of  the  flood  risk. 


THE  NATURAL  RISK  SITUATION  HALL 
S.  Bovo  (1),  M.  Rossino  (2),  M.  Rava  (2) 

(1)  Regione  Piemonte  (To,  I)  (2)Consorzio  per  i  Sistemi  Informativi  (To,  I) 

The  natural  risk  situation  hall  is  an  operative  service,  where  all  the  environmental 
data  measured  by  the  regional  network  of  ground  stations  (about  automatic  160 
stations,  plus  about  50  snow  manual  stations)  and  other  non  conventional  data  are 
collected  (satellite  and  radar  images,  seismic  network  maps).  All  measurements  are 
acquired  in  real  time,  with  a  maximum  delay  of  10  minutes.  The  measures  related  to 
the  precipitation  and  river  levels  are  directly  comparable  with  the  data  observed 
during  the  past  floods.  A  centralised  informative  system  was  initially  set  up  to 
standardise  the  different  messages  and  observed  data  and  to  manage  them  with 
homogeneous  tools.  Afterwards  a  monitoring  system,  operative  for  24h  /day,  was 
implemented  to  follow  the  effects  of  heavy  rain  or  snow  precipitation  hazardous 
events  in  the  Piedmont  Region.  Some  procedures  turn  the  raw  observed  data  into 
recommendations  and  messages  for  the  authorised  people  devoted  to  alarm  in  case 
of  extreme  meteorological  and  hydrological  events.  The  staff  also  perform  statistical 
elaboration  of  the  data,  dissemination  to  a  large  set  of  users  of  scheduled  and 
exceptional  bulletins,  regarding  the  meteorological  situation  and  its  forecast,  snow 
and  avalanches  danger,  hydrologic  alarms,  seismic  activity  on  the  region.  The 
information  delivery  is  carried  out  by  fax,  by  telematic  distribution  (e-mail,  internet, 
special  connections);  a  telephone  service  is  up  to  date  every  day.  A  very  complex 
informative  system  supports  the  operative  structure  making  available  a  data  base 
that  collects  and  archives  all  the  data.  Also  display  tools  are  studied  on  purpose  to 
allow  a  friendly  fruition  of  heterogeneous  data. 


ESTIMATING  EXTREME  DISCHARGE  VALUES  OF  SMALL  WATER  COURSES 
IM  TRANSDANOBIA/HUMGART 

M.OomoJeos  and  Gv.Kovdcs  (Research  Centre  for  Water  Resources 
Development  (VITtJKI)/  e-1453  Budapest,  Pf.27.  Hungary) 

On  the  basis  of  discharge  data  at  SI  reliable  gauging  stations 
in  the  mountainous  and  hilly  region  of  Transdanubia/Hungary  (29,000 
Jgb2) ,  simple  empirical  formulae  and  graphical  methods  have  been  de¬ 
veloped  in  order  to  estimate  critical  extreme  discharges  for  un¬ 
gauged  stream  sections  in  catchment  areas  between  30  and  3000  km  . 

For  estimating  the  flood  discharge  HQ31  of  three  per  cent  ex¬ 
ceedance  probability,  three  different  methods  have  been  used: 

(a)  Assuming  the  validity  of  Csermik's  formula,  Bj^  .  A^'*, 
the  isoline  map  of  the  flood  discharge  coefficient  83%  has  been  up¬ 
dated  by  using  observation  data  of  three  decades. 

(b)  In  the  generalized  form  the  exponent  n  is  treated  as  a  free 
variable:  BQ3»  •  €3%;  Ag.  For  each  of  the  seven  subregions  in  Trans- 
danubia,  the  optimum  value  of  the  parameters  €31  and  n  has  been  de¬ 
termined.  ^  . 

(c)  Likewise  in  a  grouping  according  to  subregions  a  relation¬ 
ship  between  the  quotient  from  flood  discharge  and  mean  discharge, 
and  the  catchment  size  Ae  has  been  established. 

On  the  basis  off  a  comparison  of  the  results  obtained  by  using 
these  three  empirical  methods,  it  is  recommended  to  use  Csermik’s 
formula  preferentially  in  the  future  as  well,  taking  the  revised 
isoline  map  of  the  coefficient  83%  into  consideration. 

In  Bungarian  water  resources  management  the  channel  forming  low 
discharge  Q*  is  Interpreted  as  the  discharge  pertinent  to  the  point 
of  inflection  of  the  flow  duration  curve.  For  its  estimation  an  em¬ 
pirical  relationship  has  been  used  yielding  the  quotient  from  On  and 
the  mean  discharge  as  a  function  of  the  catchment  size  Ag  for  the 
total  area  of  Transdanubia. 


mapping  flood  PLAIN'S  FOR  A  BETTER  RIVER  MANAGE.MENT 

N.  Gendreau  ( I ).  P.  Farissier  ( 1 ) 

(1)  Cemagref.  Hydrologie-Hydraulique,  Lyon  (France) 
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Within  the  Floodaware  European  project,  we  propose  a  new  flood  plain 
management  method  based  on  the  comparison  of  hydraulic  infonriaiion  with  land 
use  information.  The  use  and  crossing  of  distinct  information  layers  (of  hydraulic, 
topographical  and  geographical  type)  argue  for  the  use  of  a  G.I.S.  (Geographical 
Information  System).  However,  in  order  to  avoid  the  addition  of  a  G.I.S.  which  is  a 
complex  and  heavy  tool,  dealing  with  a  large  amount  of  complex  data,  to  other 
essential  software  such  as  the  topographical  and  hydraulic  numerical  models,  we 
consider  that  a  global  geomatics  model,  having  all  the  needed  functions  (from  the 
flood  management  point  of  view),  including  the  typical  ones  of  the  G.I.S.,  should  be 
developed.  The  G.I.S.  concepts  and  functions  we  propose  are  well  enough  in 
agreement  with  the  map-making  process  of  the  flood  plain  management,  but  the 
current  G.I.S.  implementations  require  the  development  of  complex  interfaces 
which  have  to  take  into  account  the  topographical  and  hydraulic  tools  used  in  this 
field.  A  better  solution  is  to  identify  and  to  define  a  single  type  of  basic  geometrical 
object  from  the  set  of  geometrical,  geographical  and  hydraulic  constraints.  In  this 
way.  a  single  topographical  data  base  is  built,  on  which  all  main  functions  of  G.I.S. 
are  developed.  These  functions  are  integrated  into  the  different  cartographic  and 
hydraulic  modules,  used  to  simulate  the  river  flows. 


THE  EFFECTS  OF  FLOODPLAINS  O.V  FLOODWAVES:  A.N  A.N'ALYSIS 
a.m>  co.mparison  of  different  modelesc  tools 

Daniel  Kull  ETH  Zarich.  Carl*  Thoma  ETH  Zurich,  Dr.  Felix  Naef  E7H  Zurich 
Instimte  of  Hydromechanics  and  Water  Resources  Manajement,  Swiss  Federal 
Institute  ofTechnolo^.  Zurich.  Switzerland.  inill@  ihw.baum.eth2.ch 

In  the  aftermath  of  the  floods  of  1993  and  I99S  on  the  Nahe  River  in  Germany, 
questions  were  raised  on  the  effects  of  floodplains  on  downstream  flooding.  As  a 
result,  mathematical  simulation  tools  of  varying  complexities  were  tested  and 
utilized  in  order  to  develop  a  simple  method  to  quickly  estimate  floodplain  retention 
properties.  A  parametric  technique  that  modeled  the  flows  in  the  main  channel  and 
the  floodpiains  separately  through  a  diffusion  wave  approximation  was  first  applied. 
Although  this  simplified  method  used  only  channel  properties  averaged  over  entire 
reaches  and  was  known  to  over-estimate  floodplain  retention,  it  provided  a  good 
general  estimate  of  the  innuences  of  the  floodplains  and  could  be  applied  quickly. 
It  was  found  that  for  the  Nahe  River,  the  floodplains  provide  negligible  retention  for 
floods  with  the  volumes  associated  with  the  1993  and  1993  events.  For  events  of 
smaller  duration  and  magnitude,  thus  lesser  volume,  the  retaining  capacities  of  the 
floodplains  are  greater.  A  l-dimensionai  unsteady  flow  (full  dynamic  wave)  model 
was  then  applied.  This  yielded  the  same  conclusions  as  the  sirnplified  parametric 
method,  but  also  provided  more  accurate  quantitative  results.  A  simpler  l> 
dimensional  model,  which  modeled  the  floodplains  and  the  main  channel  separately 
through  the  Muskingum-Cunge  routing  method,  yielded  similar  results  to  the 
unsttady  flow  model.  At  the  highest  degree  of  complexity.  2-dimensional  dynamic 
wave  modeling  provided  more  understanding  into  the  reasons  behind  the  lack  of 
floodplain  retention  in  the  Nahe  River.  It  could  be  seen  that  once  there  was  an 
appreciate  volume  of  water  in  (he  floodplains,  it  began  flowing,  thus  transforming 
the  floodplains  into  a  moving  body  of  water.  Often,  this  flow  would  shon-cut  river 
meanders.  Thus,  although  the  water  in  die  floodplains  flowed  slower,  it  traveled  a 
shorter  disunce,  thus  arriving  downstream  at  approximately  the  same  time  as  the 
floodwave  in  the  main  channel.  The  2-dimensional  model  was  also  found  to  be 
advantageous  in  its  ability  to  delineate  the  physical  extent  of  flooding. 
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CALIBRATION  OF  A  RAINFALL-RUNOFF  MODEL  USED  IN 
FLOOD  FREQUENCY  ESTIMATION 

R.  Lamb 

Institute  of  Hydrology,  Wallingford,  Oxfordshire,  0X10  8BB,  UK. 

The  calibration  of  a  conceptual  rainfall-runoff  model,  the  Probability  Dis¬ 
tributed  Model  (PDM),  is  described  in  the  specific  context  of  comparing  flood 
frequencies  estimated  from  simulated  and  measured  flows.  To  reduce  the  di¬ 
mensionality  of  the  calibration  problem,  routing  store  parameters  were  first  es¬ 
tablished  by  recession  curve  analysis.  A  Monte  Carlo  procedure  was  then  used 
to  search  for  parameter  sets  that  best  reproduced  observed  flow  data,  where 
goodness-of-fit  was  assessed  via  four  objective  functions,  designed  to  give  dif¬ 
ferent  degrees  of  weight  to  peaks  in  the  flow  time  series.  Examples  are  shown 
of  the  results  of  the  numerical  procedure,  and  of  the  benefit  of  manual  pa¬ 
rameter  adjustment  to  improve  the  ‘simulated’  flood  frequency  distributions  in 
some  cases.  Results  confirm  that  the  primary  aim,  to  achieve  good  flood  peak- 
predictions,  is  best  served  by  using  an  objective  function  strongly  weighted 
towards  peak  flows.  However,  other  aspects  of  the  flow  regime  are  also  consid¬ 
ered,  as  confidence  in  the  modelling  approach  will  be  greatest  when  these  are 
reproduced  well.  Finally,  multivariate  sensitivity  analysis  shows  that  there  may¬ 
be  many  possible  acceptable  sets  of  parameters,  for  any  given  measure  of  fit. 
Checks  of  flow  duration  curves  may  be  useful  in  discriminating  between  these 
alternative  calibrations. 


EFFECTS  OF  RAINFALL  DATA  QUALITY  ON  FLOOD  FRE¬ 
QUENCIES  IN  SIMULATED  STREAMFLOW 
R.  Lamb  and  A.  Calver 

Institute  of  Hydrology,  Wallingford,  Oxfordshire,  OXlO  8BB,  UK. 

Flood  frequencies  can  be  estimated  by  analysis  of  simulated  flow  data,  gener¬ 
ated  using  a  conceptual  rainfall-runoff  model.  This  approach  to  flood  estima¬ 
tion,  which  is  now  receiving  increasing  attention  as  an  alternative  to  event- 
based  methods,  avoids  the  problem  of  specifying  antecedent  conditions  for  a 
design  event.  Also  avoided  is  the  need  to  specify  individual  design  storm  depths, 
durations,  profiles  and  return  periods.  Instead,  measured  or  synthetic  rainfall 
time  series  are  treated  as  a  continuous  input.  The  potential  effects  of  rainfall 
data  quality  are  therefore  an  important  concern,  which  is  addressed  in  this  pa¬ 
per.  Flood  frequency  estimates  derived  from  simulated  flows  will  be  presented 
for  three  contrasting  catchments  in  the  UK  (one  upland/rural,  one  urbanised 
and  one  with  a  permeable  geology).  In  each  case,  recorded  hourly  rainfall  and 
flow  data  have  been  obtained  for  long  periods  to  allow  calibration  of  the  PDM 
rainfall-runoff  model,  with  strict  quality  control  procedures  being  applied  to 
the  rainfall  data.  Flood  estimates  from  the  simulated  and  measured  flows  are 
compared  using  peaks-over-threshold  analysis.  A  common  problem  that  may 
affect  the  flood  frequency  estimates  is  the  presence  of  gaps  in  autographic  rain- 
gauge  records,  which  can  be  addressed  using  an  in-filling  technique.  In-filled 
gaps  were  inserted  at  increasing  frequencies  into  the  quality-controlled  hourly 
rainfall  data  to  investigate  the  effects  of  reductions  in  rainfall  quality,  and  com¬ 
parisons  made  across  the  three  catchments. 


Model  and  Spatial  Database  to  Assess  Design  Peak  Flow 
Rates  in  the  Walloon  Region  (Belgium) 

LAIME  (1),  Prof.  S.  DAUTREBANDE  (1) 

(1)  Faculty  Universitaire  des  Sciences  Agronomiques  de  Gembloux.  Unit6 
d'Hydraulique  Agricole 

laime.s@fsagx.ac.be/Fax :  +32-(0)81.62.21.81 

Managing  and  planning  rural  catcbments  require  the  setting  up  of  efficient 
hydrologic  tools.  To  this  end.  the  Units  d'Hydraulique  Agricole  of  the 
FacultS  Universitaire  des  Sciences  Agronomiques  de  Gembloux  has 
combined  a  Geographic  Information  System,  covering  the  whole  Walloon 
Region,  with  the  hydrologic  model  SWRRB-WQ,  adapted  to  the  Belgian 
conditions. 

Associating  the  model  with  the  GIS  provide  us  with  geomorpho-hydrologic 
information,  spatially  distributed  on  the  studied  basins,  as  well  as  design 
flow  rates  and  daily  flow  rates.  Let  us  underline  that  soil  moisture  is  one  of 
the  variables  of  the  model  SWRRB-WQ  and  that  it  has  an  Influence  on  the 
runoff  rate,  through  a  digital  parameter ;  CN  (curve  number).  The  latter 
comes  from  the  method  used  by  the  American  Soil  Conservation  Service 
(SCS).  Using  the  geographic  database  together  with  the  model  allows  us  to 
carry  out  a  regional  analysis  which  is  linked  to  the  catchment  planning. 
Examples  of  simulation  analyses  show  the  effects  of  Karstic  areas  and  the 
links  between  sub-bassins. 


CONVECTIVE  RAINFALL  MAPPING  AND  THEIR  RELATIONSHIP 
WITH  FLOODS  IN  CATALONIA  (SPAIN') 

Maria-Carmen  Llasat.  and  Josep-Maria  Montes,  Department  of  Astronomy  and 
Meteorology,  University  of  Barcelona,  Spain 


The  main  floods  events  produced  in  the  West  Mediterranean  Area  are  related  with 
high  intensity  rainfalls  associated  with  convective  systems.  For  this  reason  the 
identification  between  convective  rainfall  and  high  intensity  rainfall  is  very  usual, 
although  it  is  not  always  correct.  After  considerating  the  different  points  of  view,  the 
authors  have  proposed  a  new  parameter,  p*,  which  allows  classify  the  rainfall 
events  between  non-convectives,  moderately  convectives  or  highly  convectives,  in 
basis  to  the  5-minutcs  intensity.  This  parameter  has  been  previously  analysed  using 
the  long  rainfall  rate  series  1928-1981  of  Barcelona.  However,  the  objective  of  this 
paper  is  to  show  the  application  of  this  parameter  as  an  index  of  the  spatial 
convective  distribution  in  Catalonia.  This  mapping  has  been  made  using  the  5- 
minutes  rainfall  data  from  the  SAIH  (Automatic  System  of  Hydrological 
Information)  of  the  Internal  Basins  of  Catalonia  for  the  1996  year.  This  system 
allows  to  have  infoimation  in  real-time  of  125  raingauges  covering  an  area  of  16000 
km'  The  1996  year  was  characterizated  by  the  extraordnary  number  of  pluviometric 
events  and  floods  along  ail  the  year.  These  results  have  been  compared  with  the 
mapping  made  using  a  climatic  parameter  p  and  30  years  of  monthly  data.  Finally, 
a  concction  between  the  damage  events  in  the  last  years,  the  distribution  of  this 
parameter  and  the  rainfall  intensities  have  been  made  in  order  to  estimate  the  main 
flood  prone  areas  and  to  idcntificate  the  events  with  flood  risk. 


FLOOD  MODEL  VALIDATION  USING  SAR  IMAGERY 
Matthew  S.  Horritt 

Environmental  Systems  Science  Centre,  University  of  Reading,  UK 
msh@mail.nerc-essc.ac.uk; 

2-dimensional  finite  element  hydraulid  models  of  floodplain  flow  have 
previously  only  been  validated  and  calibrated  against  point 
hydrometric  data,  whereas  the  distributed  nature  of  the  models  is 
more  compatible  with  validation  against  distributed  data.  Flood  maps 
derived  from  satellite  SAR  imagery  via  a  semi-automatic  image 
processing  scheme  are  used  to  calibrate  floodplain  friction  coefficients 
of  a  2-D  hydraulic  model  of  a  Mkm  reach  of  the  river  Thames,  UK. 
Issues  such  as  assimilation  of  topographic  information  and  the 
associated  errors  in  model  predictions  are  addressed,  in  order  to  direct 
future  surveying  and  modelling  strategies.  As  more  validation  data 
becomes  available,  validation  and  calibration  against  SAR  derived 
flood  maps  will  enhance  the  predictive  capability  of  these  flood  flow 
models. 


AN  INTEGRATED  SYSTEM  FOR  MONITORING  AND  EMERGENCY 
MANAGEMENT  OF  FLOODS 

G.  Mendicino  and  P.  Versace 

Dipariimcmo  di  Difesa  del  Suolo,  Universili  della  Calabria,  C.da  S.Antonello, 

87040  Montalto  Uffugo  (CS),  Italy  -  menioegiccuscl.unic3l.il 

The  need  of  hydrological  modelling  supported  by  well-developed  monitoring 
systems  appears  more  and  more  essential  in  the  light  of  flood  events  occurred  over 
the  world  in  the  last  decade.  Simulation  models  can  be  considered  as  preventive 
tools  for  flood  hazard  and  risk  evaluation.  Only  their  integration  with  real  time 
monitoring  system  lets  solve  those  "rapid"  problems  regarding  the  assessment  of  the 
general  flood  situation  and  identify  areas  at  greatest  risk  and  in  need  of  immediate 
assistance. 

In  this  paper  an  integrated  real  time  flood  forecasting  system  realised  on  an 
urbanised  basin  in  southern  Italy,  frequently  interested  by  extreme  flood  events,  is 
described. 

The  system  is  developed  in  four  main  modules,  respectively:  of  acquisition  and 
analysis  of  the  real  time  rain  and  water  level  information  given  by  the  telemetering 
gauges:  of  calibration  of  the  parameters  of  the  rainfall-runoff  transformation  model; 
of  forecasting  of  future  rainfall  based  on  stochastic  point  model;  of  simulation 
(deterministic  and  stochastic)  of  flood  levels  at  critical  points  of  the  basin. 

Such  modules  are  integrated  within  the  system  with  the  aim  of  guaranteeing  a 
continuous  procedure  between  hydrological  information  directly  measured  on  the 
basin  and  that  ones  obtained  through  forecasting  procedures. 
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INUNDATION  MODEL  FOR  FLOODPLAIN  ANALYSIS 
S.  Pagliara(^\  F.Meneguzzo^^^ 

0)Dip.to  di  Ingegneria  Edile,  Idraulica  e  del  Tcrritorio  -  University  of  Pisa  -  Italy 
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(2)F.M.A.  -  Applied  Meteorology  Foundation 

Via  Einstein  35/B,  50013  Campi  Bisenzio  (FIREN2;E)  -  Italy 

The  paper  describes  the  use  of  a  two  dimensional  unsteady  flow  hydraulic  model 
that  implements  the  complete  De  Saint  Venant  equation  for  floodplain  simulation. 
Aim  of  the  work  is  to  investigates  flood  inundation  due  to  overtopping  or  break  of 
levees  accounting  for  the  presence,  in  the  inundated  plan,  of  banks  (like  streets  and 
railways)  and  of  a  network  of  drainage  channel. 

Simulation  of  hypothetical  and  one  real  floodplain  illustrates  the  potentiality  of  the 
model  to  account  for  the  microtopography,  changes  in  the  roughness  coefficient  and 
presence  of  urbanized  areas. 

Such  a  model  is  usefull  for  planning  and  civil  protections  plans. 

Corresponding  author: 
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USING  CIS  AND  AERIAL  PHOTOGR.APHS  TO  DETERMINE  THE 
WATER  LEVELS  DURING  FLOOD 

C.  Puech.  D.  Raclot 

LCT  Laboratoire  Commun  de  leledetection  CEM.AGREF  ENGREF 
500  rue  J.  F.  Breton,  34093  Montpellier  Cedex  5.  France 
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To  map  water  levels  in  case  of  large  floods,  it  is  proposed  to  manage  by  GIS  the 
great  number  of  information  extracted  from  aerial  photographs.  Our  method  is 
developed  in  3  points:  1)  segmentation  of  the  flood  plain  in  sectors  with  acceptable 
mean  water  depth,  based  on  geographical  limits  and  size  criteria.  2)  determination  of 
minimum  and  maximum  depth  for  each  sector,  based  on  the  emergence  or  not  of 
natural  objels  (vegetation,  dikes ...).  3  )  amelioration  of  the  estimation  of  the  water 
depths,  using  all  observed  hydraulic  connections  between  sectors  (cracked  dikes, 
flows  ...).  This  amelioration  is  done  solving  a  constraint  system  linking  the  different 
water  levels  estimated  in  2).  Application  concerns  Herauli  River  for  the  November 
1994  flood,  with  aerial  photographs  taken  6  hours  after  the  maximum  of  flood. 
Results  give  good  determination  about  water  levels,  the  lateral  dynamic  behaviour 
of  flood  (1,5  m  of  difference  in  levels  between  centre  and  edges  of  plain),  and  the 
impact  of  dikes.  These  results  are  obtained  without  introducing  neither  general 
hydraulic  equation  nor  local  head  losses  coefficient.  The  great  number  of  fuzzy 
information,  compensate  for  the  low  quality  of  each  one. 


URB.XN  DEVELOP.ME.Vr  A.NT)  FLOOD  HAZARD 

F.  Siccardi  (CIMA-Environmenul  Monicoring  Research  Centre,  University  of 
Genova.  Via  Cadoma,  17100  Savona,  Italy) 

Flash  floods  are  a  typical  feature  of  the  southern  Europe  Mediterranean  coastline: 
they  designed  the  morphology  of  the  terminal  floodplains  of  the  many  small  and 
medium  size  torrents  dissecting  the  rugged  orography  of  the  Mediterranean  slopes 
of  the  Pirineos.  Alpes  Maritimes  and  Appennines.  The  urban  development  of  the 
floodplains,  staring  from  the  Roman  Empire  colonization,  was  definitely  unaware  of 
the  fiood  processes:  the  braided  rivers  used  to  drain  during  the  fiood  season  the 
alluvial  plains  were  trained  to  a  unicursal  bed  all  along  the  Meditenwean  arch.  A 
few  examples  are  presented,  fiom  the  Middle  Age  to  die  present,  of  the  urban 
development  leading  to  the  present  high  frequency  of  disastrous  events.  The  effect 
of  the  railway  extension  along  the  coastline  during  the  past  century  is  analyzed.  The 
expansion  of  coastal  cities  in  the  present  century  on  the  northern  arch  and  their 
explosive  growth  in  last  decades  in  the  eastern  part,  in  Turkey  and  Syria,  created  the 
conditions  of  making  the  flash  fiood  hazard  one  of  the  most  ^manding  all  along  the 
Mediterranean  coastline. 

Organic  maner  content  in  soil  resulu  from  the  balance  among  primary  productivity 
and  leafiitter  production,  leafiiner  decomposition,  and  abduction  by  rainfall  events. 
The  loss  of  wooded  areas  because  of  unwise  management  or  natural  accidents  can 
condition  this  balance.  Fires  are  panicularly  effective  in  causing  vegetation 
destruction  and  soil  exposure;  moreover  fires  have  some  marked  effects  on  physico¬ 
chemical  characteristics  of  soil,  since  destroying  organic  matter  in  surface  layers 
they  alter  permeability,  porosity,  aggregate  stability  and  then  erodibility  of 
hillslopes.  Surface  runoff  is  also  increased.  Burnt  areas  of  a  small  Ligurian  river 
basin  were  identified  over  a  period  of  15  yean,  from  1982  to  1996.  Recovery  rate  of 
vegetation  cover  and  restoration  of  the  original  organic  content  and  then  of  biotic 
control  over  erodibility  in  burnt  areas  were  evaluated  at  the  local  scale. 
Decomposition  tests  and  collection  of  leaves  by  traps  to  measure  leafiitter 
production  were  also  performed.  Experimental  evidence  suggests  that  oon-Unear 
interaction  between  forest  fire  processes  and  extreme  rainfall  processes  in  small 
semiarid  Mediterranean  watersheds  could  leave  to  irreversible  local  desertification 
conditions. 


DKLFT  FLOODING  SYSTEM;  TWO-DIMENSIONAL  Ih  DRODYNA.MIC  FLOODING 
SIMILATION.  A  POWERFUL  TOOL  FOR  LANDSCAPE  PLANNING  AND  RISK 

evaluation 
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The  at  Delft  Hydraulics  recently  developed  2D-hydrddynamic5  prediction 
package  Delft-FLS.  is  specially  suited  to  simulate  the  dynamic  behaviour  of 
overland  flow  over  initially  dry  land,  the  influence  of  existing  or  future 
infrastructure,  as  well  as  flooding  and  drying  processes  on  every  kind  of 
geometry,  including  lowlands  and  mountain  areas.  A  robust  numerical  scheme 
allows  for  the  correct  simulation  of  sub-critical  and  supercritical  flow.  Internal 
boundary  conditions  are  included  to  simulate  dam-break  /  dike-break  events.  It 
can  be  coupled  to  a  one-dimensional  model  in  order  to  give  more  details  where 
needed,  speed  compulations  and  facilitate  the  study  of  flood  esents  on  natural 
river  basins,  polders,  channel-nelw  orked  regions  and  urban  areas.  This  package 
provides  a  reliable  prediction  of  the  hydrodynamics  of  flooding  events 
extremely  necessary  when  dealing  with  disaster  management,  esacuaiion  plans 
and  flooding  damage  assessment.  These  predictions  can  be  also  used  during 
landscape,  infrastructure  and  urban  planning  phases  as  well. 


ESTIM.ATION  OF  FLOOD  PRONE  AREAS  IN  A  Rl\  ER  PL  AIN  B  ASED  ON 
CO.NVE.NTIONAL  AND  LASER-SC.AN  DEVELOPED  DIGITAL 
ELEV.ATIO.N  MODELS  IDE.M) 

Carla  Thoms  ETH  Zurich.  Daniel  Kull  ETH  Zurich.  Dr.  Felix  Naef  ETH  Zurich 
Institute  of  Hydromechanics  and  Water  Resources  Management.  Swiss  Federal 
Institute  of  Technology.  Ziinch.  Switzerland,  thoma'tjihw.baum.ethz.ch 

Flood  risk  maps  provide  an  overv  iew  of  the  area*  threatened  by  possible  flooding. 
The  delineation  of  these  at-risk  areas  h  often  a  controversial  issue.  It  was  thus 
desired,  through  the  testing  of  different  methods,  to  develop  a  reliable  tool  for 
estimating  the  extent  of  possible  Hooding.  This  analy  sis  w  as  pertormed  on  the  Nahe 
River  (Rheinland-Pfalz.  Germany),  which  e.xperienced  large  floods  in  1993  and 
199.'.  A  digital  elevation  model  (DEM)  with  a  20  m  horizonul  resolution  was 
already  available  for  Rheinland-Pfalz.  In  addition  to  this,  a  shon  reach  of  the  Nahe. 
between  the  villages  of  Maninstein  and  Sobemheim.  was  surveyed  using  an 
airplane-mounted  laser  scanner.  This  yielded  a  DEM  with  aim  horizontal 
resolutk'n.  Based  on  these  rivo  data  sets,  the  first  attempt  to  simulate  the  flooded 
arci'  from  the  199.5  event  involved  the  utilization  ofa  2-dimensional  unsteady  flow 
model  .4>  would  be  expected,  the  enormous  quantity  of  data  in  the  DEMs  caused 
these  simulations  to  be  extremely  time  consuming.  To  develop  a  less  time-intensive 
method  to  delineate  fiood-prone  areas,  two  dilTcreni  planes  representing  the  water 
surface  elevations  of  the  Nahe  at  a  specific  fiow  were  created  through  the  OfL^SS 
geographic  infomution  system  (CIS).  One  wxs  based  on  a  constant  water  depth  in 
the  main  channel  at  the  upstream  and  downstream  ends  of  the  modeling  reach,  thus 
resulting  in  a  plane  of  constant  .slope.  The  other  plane  was  based  on  the  fiood 
simulation  results  ofa  ! -dimensional  unsteady  flow  model.  This  provided  a  profile 
of  water  surt'ace  elevations  throughout  the  reach,  which  was  innsformed  into  a  non- 
constant  plane.  The  areas  under  these  two  planes  were  considered  to  be  flooded.  In 
comparison  to  the  ’-dimensional  modeling,  thi-S  method  of  overlaying  previously 
computed  vvater  surface  elevation  planes  on  a  DEM  involved  considerably  less  time 
and  was  ex'ier  to  apply.  The  roulis  of  this  method  were  comparable  to  those  from 
the  2-dimenNional  model 


THE  FLOODING  PROBLEM  OF  SPERCHIOS  RIVER  BASIN  (GREECE). 

A  STLDY,  USING  THE  NUMERICAL  MODEL  MIKE  1 1 

lerotheos  Z.  Zacharias  &  N'ikos  Th.  Skoulikidis 

National  Centie  for  Marine  Research,  Institute  for  Inland  Waters 
Agios  Kosmas,  166  04  Elliniko,  GREECE 

This  work  is  an  introduction  to  a  procedure  used  for  the  numerical  simulation  of 
Sperchios  river  basin.  In  this  procedure  MIKE  11  model  has  been  used,  as  the 
most  reliable  model  in  river  modelling.  The  water  management  of  Sperchios  river 
basin  requires  a  large  number  of  measurements  and  prediction  of  future  situations 
like  flooding.  This  research  contains  collection  and  consideration  of  all  available 
measurements  and  estimation  of  the  water  quantity  of  the  river  basin.  In  this  paper 
a  number  of  runs  from  Sperchios  River  hydrodynamics  are  presented  and  two 
different  scenarios  for  better  understanding  and  integrated  management  of 
flooding  discharges  are  analysed.  In  the  first  scenario  it  was  approved  numerically 
that  the  existing  channel  is  not  able  to  receive  the  50-year  sequences  discharges. 
The  result  is  the  flooding  of  the  river  basin.  The  simulation  shows  numerous 
points  were  construction  has  to  be  made,  to  safeguard  the  riverbanks.  In  the 
second  scenario  has  been  approved  numerically  that  the  current  situation  of 
Sperchios  river  network  without  any  other  construction,  can  solve  the  flooding 
problem  of  Sperchios. 
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ROCKFALLS  ON  THE  N1  HIGNWAY  IN  LA  REUNION  ISLAND 
(FRANCE) :  HAZARD  EVALUATION  FROM  RAINFALL 

P.  Alfonsi,  J.-L.  Durville 
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durville@lcpc.fr/Fax  :  33  1  40  43  65  16 

The  12  km  coastal  N°l  highway  in  La  Reunion  (Indian  Ocean)  is 
frequently  hit  by  rockfalls  which  cause  many  accidents.  The  road  is 
located  at  the  toe  of  a  cliff,  typically  150  m  high,  of  alternating  stratas  of 
basalt  and  volcanic  tuff.  The  blocky  nature  of  the  basalt  and  the 
erodability  of  the  tuff  result  in  numerous  falls  (about  100  a  year),  mostly 
triggered  by  rainstorms  (annual  precipitation  :  1  to  2  m).  More  than  four 
years  of  data  (every  two  hours)  are  at  our  disposal  :  rainfall  (three 
locations)  and  record  of  pieces  of  rocks  found  on  the  road  by  a 
dedicated  team. 

Different  statistics  about  rockfall  occurrence  have  been  made  : 
distribution  according  to  the  month,  or  the  section  of  road,  volume  per 
event,  etc.  The  correlation  between  rockfalls  and  precipitations  is  obvious 
when  seen  at  a  monthly  scale,  but  is  difficult  to  quantify  at  a  daily  scale. 
One  could  roughly  say  that  only  half  of  the  falls  are  clearly  related  to 
rain  events.  Different  thresholds  of  rainfall  per  day  have  been  tested, 
combined  with  several  time  delays  between  a  rain  event  and  a  rockfall. 
This  kind  of  analysis  can  be  used  for  a  traffic  regulation  :  the  road  can  be 
partially  closed  to  traffic  when  some  precipitation  criteria  have  been 
exceeded. 


THE  EFFECT  OF  LA.ND  ABA-NDONMEVT  0>'  SOIL  WATER 
REDISTRIBUTION  AND  PREFERE.vnAL  FLOWPATHS  ON 
SHALLOW  LANDSLIDE  INITIATIO.N. 

L.P.H.  van  Bcelcfh  and  L.H.  Cammeraat  (2) 
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The  occurrence  of  shallow  landslides  is  a  common  process  in  the  basin  of  the 
Riu  Serpis  (SE  Spain).  Because  of  the  extent  of  the  affected  area,  shallow 
landslides  are  the  dominant  form  of  hillslope  erosion  in  this  marly  area  and 
threaten  die  productivity  of  the  bench'terraced  agricultural  lands  and  semi¬ 
natural  slopes.  The  biological  activity  caused  by  the  revegetation  following 
abandonment  results  in  an  improved  storage  capacity  of  the  topsoil.  At  the  same 
time,  the  presence  of  macropores  'preferential  flow  paths  of  water,  possibly 
connected  to  shallow  slide  planes*  shortens  the  response  time  of  the  soil  mass  to 
reach  critical  pore  pressure  conditioas.  Therefore,  under  given  rainfall 
conditions,  a  larger  area  will  be  prone  to  landsliding  after  abandonment.  This 
hypothesis  that  abandonment  increases  potential  landslide  activity,  was 
investigated  by  rainfall  simulations  at  locations  with  different  land  use 
conditions.  Broad  scale  rainfall  simulations  with  automated  soil  water  dynamics 
monitoring  (TOR)  and  tracer  applications,  and  additional  small  scale 
experiments,  were  carried  out  on  several  terraces  which  were  under  culture  or 
were  abandoned  for  different  periods.  Infiltration  panems  in  the  soil  were 
measured,  to  study  the  heterogeneity  in  infiltration  under  plants  and  to  study 
preferential  flowpaths  of  water,  which  might  be  connected  to  shallow  slide 
planes.  Differences  in  general  infiltration  velocities  were  found  under  various 
Qi'pes  of  vegetation,  related  to  land-use  history.  On  all  plots  with  semi-natural 
vegetation,  deep  penetrating  preferential  flow  along  continuous  macropore 
systems  was  observed  and  the  heterogeneity  of  infiltration  patterns  and 
preferential  flow  paths  were  found  to  be  more  important  on  terraces  which  were 
longer  abandoned. 
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A  model  for  the  analysis  of  topographic  influence  on  shallow  landslide  initiation  is 
developed  and  applied  to  a  mountain  experimental  basin  where  high-resolution  digital 
elevation  data  are  availabte:  the  Cordon  catchment  (5  km^).  in  north-eastern  Italy.  The 
model  builds  upon  a  theory  for  coupled  shallow  subsurface  flow  and  landsliding  of  the  soil 
mantle  previously  proposed  by  Montgomery  and  Dietrich  (1994).  The  model  uses  a  'quasi- 
dynamic*  wetness  index  to  predict  the  spatial  distribution  of  soil  saturation  in  response  to  a 
rainfall  of  specified  duration.  The  rainfall  predicted  to  cause  instability  in  each  topographic 
element  is  characterised  by  duration  and  frequency  of  occurrence.  This  provides  a  practical 
way  to  identify  the  relative  potential  for  shallow  landsliding.  Furthermore,  this  approach 
provides  a  theoretical  link  ^tween  methods  based  on  intensity-duration  thresholds  and 
explicit,  physically-based  models  of  slope  instability.  An  inventory  of  landslide  scars  is  used 
to  document  sites  of  instability  and  to  provide  a  test  of  model  performance  by  comparing 
observed  landslide  locations  with  model  predictions.  It  is  found  that  the  model  reasonably 
reproduces  the  observed  distribution  of  landslide  locations,  although  spatial  variability  of 
soil  properties  and  hydrologic  complexities  not  accounted  for  by  the  model  complicate 
prediction  of  where  landslides  occur  within  areas  of  similar  topographic  control. 
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Recent  advances  in  physically.based  modelling  now  enable  highly  detailed 
investigation  of  hydrological  conditions  at  the  time  of  failure,  panicularly  for 
shallow  translational  failure.  Modelling  is  a  non-invasive  technique  and  provided 
adequate  parameterisation  and  validation  data  are  available  it  is  possible  to  apply  the 
2-diffl<nsional  coupled  soil  hydrology-slope  stability  model  to  a  variety  of  research 
problwns.  Available  models  produce  high  resolution  information  in  both  lime  and 
^ace.  enabling  detailed  rainstom  data  to  be  included  for  soil  profiles  which  are 
highly  differentiated  in  terms  of  geotechnical  and  hydrological  behaviour.  One  of 
the  main  advances  has  been  in  investigating  the  ways  in  which  temporal  evolution 
ofregoliih  over  Holocene  timescales  has  altered  the  probability  of  shallow 
translational  failure.  In  New  Zealand  slopes  have  been  stable  during  much  of  the 
early  part  of  the  Holocene.  Recent  anthropogenic  activity,  mainly  involving 
deforestation,  has  resulted  in  a  phase  of  progressive  regoliih  stripping  Follow  ing 
initial  failures  in  which  about  25  percent  of  the  regoliih  is  stripped  from  the  slope,  it 
has  been  suggested  that  the  removal  of  the  remainder  is  somewhat  more  dimculi  as 
thresholds  for  insubility  rise  However,  extreme  rainstorms  are  still  capable  of 
miiiaiing  slope  failure.  A  phase  of  reduced  stability  then  occurs  as  regolith  is 
redeposiied  at  the  slope  base,  having  modified  hydrological  and  geotechnical 
behaviour.  Application  of  physically-based  models  to  this  sequence  ofregoliih 
stripping  and  evolution  has  broadly  supponed  these  conclusions.  Imponanily,  model 
results  have  also  permitted  identification  of  appropriate  climatic  thresholds  for  slope 
failure  for  these  differeni  phases,  and  have  shown  how  the  hydrological  controls  on 
slope  instability  have  altered  over  time. 
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Hazard  and  risk  asses-sment  for  landslide.\  may  be  carried  out  in  a  number 
of  ways.  The  selected  procedure  nuty  include  formal  analytical 
approaches,  deterministic  or  probabilisitic.  However,  less  focmal 
approaches,  often  u-sed  in  pruedee,  include  considerable  reliance  on 
experience  and  engineering  judgment.  This  paper  is  concerned  with 
a.spects  of  assessment  ba.xed  on  observadon^  procedures  and  duui. 
Attention  U  devoted  to  the  main  huziird  and  risk  requirements  for  the 
development  of  such  procedures. 

Historical  records  of  landslide  activation  and  reacdvatloa  may  be  available 
in  some  areas  along  with  rainfall  record.s.  From  such  information  and 
data  (he  past  frequency  of  landsliding  can  be  assessed  and  conclusions 
can  be  drawn  about  the  expected  probability  of  landsliding  in  u  temporal 
sense.  However,  such  informudoa  is  often  Umited  and  subject  to 
significant  unceruintie.s. 

A  modern  approach  based  on  observations  at  instrumented  site.s  cun  be 
more  useful  and  reliable  in  esdmuting  the  haz^  of  rainfall-triggered 
landsliding.  Data  from  inclinometers  and  piczomc’^rs  can  be  related  to 
rainfall  data.  Periods  of  Peak  subsurface  shear  movement  a.s  well  as 
accelerating  shear  movement  can  be  identified.  Recently  an  innovative 
approach  has  been  developed  to  study  the  relationship  between  anieccdeot 
ruiraall  and  significant  episodes  or  periods  of  shear  movereent.  The  most 
significant  antecedent  rainfall  period  for  a  paniculzr  area  or  region  can  be 
assessed  from  such  studies.  The  meth<^  has  proved  very  uscftil  for 
shallow  landslides  which  arc  often  sclf-subilising  io  character.  'Hw 
method  also  has  potential  for  study  of  rainfall-triggered  debris  flows. 
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Rainstorm-triggered  landslide  events  alter  terrain  condidons  sufficiendy  to 
affect  susceptibility  to  future  landsliding.  In  one  hill  country  catchment 
changes  to  inherent  resistance  (measured  by  the  factor-of-safety)  resulting 
from  a  major  event  indicate ,  in  future,  smil  triggering  rmnstorms  would 
be  more  affective  in  producing  landslides  while  moderate  to  large  storms 
would  be  less  affective.  The  mechanisms  responsible  for  changes  in 
inherent  resistance  include  mass  movement  induced  redistribution  of 
regolith,  changes  to  regolith  properties,  changes  in  regolith  depth  and  the 
development  of  unsupported  eroslonal  scarps.  The  influence  of  these 
mechanisms  on  susceptibility  of  typical  slopes  has  been  investigated  and 
quantified  by  Ae  use  of  a  combined  hydrological  slope  stability  computer 
simulation  model.  The  net  effect  is  expressed  in  terms  of  time  to  failure 
and  total  rainfall  required  to  trigger  movement 
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Parallel  computing  models  represent  a  valid  alternative  to  standard  methods  with 
differential  equations  in  modelling  complex  phenomena  Cellular  Automata  (CA),  a 
paradigm  of  parallel  computing,  permits  such  an  alternative  approach  for  modelling 
and  simulating  complex  systems,  whose  evolution  can  be  described  in  terms  of  local 
interactions  of  their  constituent  parts.  When  the  basic  laws  of  continuum  mechanics 
cannot  be  directly  applied  without  adding  phenomenological  assumptions,  and  the 
equation  systems  are  not  amenable  to  analytical  solution,  direct  disaete  modelling 
may  represent  a  convenient  alternative  to  the  use  of  continuum  models,  followed  by 
numerical  discretisation.  Water  inRItration  on  a  soil  can  be  viewed  as  a  phenomenon 
based  on  local  interactions;  the  equation  governing  the  flow  cannot  be  easily  solved 
without  making  substantial  simplirications.  Particular  complexity  arises  for  the  soil 
composition  and  irregular  ground  topography.  In  this  paper  we  describe  a 
maaoscopic  CA  model  for  simulating  the  water  infiltration  in  a  2-layer  slope  model. 
The  model  assumes  the  upper  layer  of  the  soil  as  initially  non-saturated  and 
inhomogeneous,  while  the  lower  layer  is  impermeable.  It  describes  the  water 
infiltration  and  groundwater  retention.  Transformation  of  water  storage  into  neutral 
pressure  requires  an  ancillary  computation  code.  Applications  are  performed  on  an 
ideal  slope  using  different  rainfall  intensity  and  duration. 
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Flow  landslides  which  get  formed  as  a  result  of  intensive  precipitation 
constitute  slope  deformations  in  the  form  of  viscous-plastic  ground  flow.  For 
the  numerical  simulation  of  flow  landslides  movement  a  hydraulic  model  was 
used  which  before  had  been  successfully  used  to  describe  snow  avalanches 
and  mud  flows.  In  the  mathematical  model  of  the  flow  landslides  use  was 
made  of  specified  relations  which  describe  friction  of  soils  and  portray  the 
peculiarities  of  the  landslides  movement.  The  numerical  simulation  of  the  flow 
landslides  movement  allows  one  to  calculate  the  speed  and  the  speed  vector 
direction  of  the  landslides  at  any  point  of  the  slope  and  to  obtain  the 
configuration  of  the  landslides  tongue  in  the  plan  and  at  arbitrary  moment  of 
time. 
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The  available  studies  concerning  soil  slips  triggered  by  critical  rainfalls,  in  addition 
to  a  comple.x  picture  of  knowledges,  they  point  out  that  these  surficial  sIok  failures 
frequently  determine  unacceptable  risk  thresholds.  As  regards  the  spatim  forecasL 
whereas  it  is  clear  the  role  of  some  predisposing  factors  (slope  angles,  cover 
thickness,  etc.),  to  others  (local  variation  of  the  pluviometric  inpuL  geotechnical 
parameters,  etc.)  the  knowledge  pichire  is  less  clear.  Relatively  to  temporal 
forecast,  are  sufficiently  consolidated  some  indications  relative  to  the  charactenstics 
of  the  rain  able  to  trigger  shallow  failures  in  the  slopes;  le^  clear  are,  on  the 
contrarv,  the  relationships  between  local  and  mean  characteristics  of  the  rainfall 
events.'Therefore,  as  regards  the  mechanisms  that  govern  soil  slips  initiation,  the 
pluviometric  conditions  can  play  a  double  role:  factor  of  iri^er.  fector  that 
predispose  the  location.  It  follows  the  importance  of  the  models  that  simulate  the 
tnTiltration  process  of  the  rains  into  the  shmiow  layers  of  soil,  and  the  suitability  to 
verify’  their  potentialities.  This  type  of  investigation  is  carried  out  referring  to  some 
simple  geotechnical  schemes,  inferred  from  the  literature,  and  to  some  of  the 
utilizable  calculus  codes.  In  p^cular,  referring  to  the  same  pluviometric  input  and 
to  the  same  physical  parameters  of  the  soil,  it  is  shown  the  influence  of  the  calculus 
codes  in  the  evaluation  of  the  pore  pressures  distribution  in  the  upper  layers  of  soil. 
Then,  referring  to  a  specific  calculus  code,  it  is  shown  the  variation  of  the  pore 
pressures  distribution  m  relationship  to  rainfall  conditions  and  physical  parameters 
of  the  soils.  Finally,  the  results  altogether  achieved  allow  to  outline  a  possible 
methodological  approach  for  the  study  of  the  soil  slips,  and  they  point  out  some 
searches  necessary  to  typify  conte.\ls  g'eo-environmental  homogeneous  with  respect 
to  the  consider^  instabilities. 
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Debris  avalanches,  or  open-slope  debris  flows,  are  extremely  rapid  catastrophic 
landslides  which  are  triggered  by  heavy  rains.  Long  triangular  scars  are  commonly 
observed  on  aerial  photographs  of  British  Columbia  forested  steeplands  on  both 
logged  and  unlogged  slopes.  Since  1 956  numerous  debris  avalanches  have  been 
documented  on  steep  mountain  slopes  in  British  Columbia  wher  they  have  caused  a 
number  of  deaths  as  well  as  substantial  damage  to  property  and  the  forestry  resource. 
Debris  avalanches  can  occur  on  slopes  where  there  is  no  evidence  of  previous 
instability.  Landslide  volumes  are  generally  the  range  20,000  -  60,000  cu.  m.  Debris 
avalanche  paths  may  exceed  500  m  in  length  but  involve  only  a  very  thin  veneer  (less 
than  2  m)  of  surficial  materials.  Based  on  eye  witness  accounts,  the  velocity  of  debris 
avalanches  commonly  exceed  lO  m/s.  A  dynamic  analysis  of  the  1990  Belgo  Creek 
debris  avalanche  (estimated  volume  23,000  cu.  m)  event  indicated  local  velocities  of 
as  much  as  20  rn/s.  Undrained  loading  may  be  an  important  mechanism  in  the 
development  of  debris  avalanches  and  contribute  to  their  high  velocity.  The  behavior 
and  occurrence  of  debris  avalanches  is  to  be  contrasted  with  channelised  debris  flows 
which  are  generally  recurrent  in  a  given  watershed  and  in  which  the  velocity  rarely 
exceeds  7-8  rn/s. 
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Rainfall  triggered  landsliding  is  a  common  and  widespread  phenomenon  in  New 
Zealand,  following  extensive  deforestation  within  the  last  centuiy.  Spatial  variation 
in  the  relationship  between  rainfall  and  erosional  response  is  recognised  for  a 
number  of  regions.  However,  the  rain&ll/erosional  response  relationship  established 
for  a  given  region  shows  a  tendency  for  temporal  variation.  This  variation  can  be 
attributed  to  mechanisms  described  as  'ambient  filters*  and  'event  resistance’, 
which  operate  as  a  result  of  successive  landsliding  episodes. 

This  temporal  variation  in  susceptibility  to  landsliding  has  been  investigated  by 
comparing  the  stability  conditions  of  a  catchment  on  two  historical  occasions  23 
years  apart.  Changes  in  relative  susceptibility  are  interpreted  as  an  alteration  in  the 
relationship  between  lainfall  input  and  landslide  response.  A  refined  process  model 
for  landslide  occurrence  is  presented,  incorporating  feedback  loops  resulting  from 
the  occurrence  of  the  landsliding  process.  Results  are  also  us^  for  an  initial 
calibration  of  a  proposed  model  of  landform  relaxation.  This  model  describes  the 
development  of  and  changes  in  catchment  susceptibility  to  landsliding  following 
significant  environmental  change  and  progressive  erosion  of  the  catchment. 
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HYDROLOGIC  THRESHOLDS  FOR  SHALLOW  LANDSLIDES  IN 
MOLTSTALN  W  ATERSHED:  A  SPATLALLY  DISTRIBUTED  SIMLXATION 

analysis 
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Engineering,  Politecnico  di  Milano,  32  Piazza  L.  da  Vinci,  1-20133  MI,  Italy). 

The  spatially  distributed  approach  provides  an  insight  of  hydrologic  factors  of 
shallow  landslides  trigger^  by  extreme  rainfall  events.  For  the  purpose,  we 
developed  a  fine  resolution  grid  model  of  basin  surface  including  a  detailed  soli 
characterization.  The  soil  model  includes  the  infinite  slope  stability  equation, 
hortonian  infiltration,  weight  of  vegetation  cover  and  root  strength.  The  model 
provides  the  safety  factor  for  each  element  at  any  time  step  as  the  representative 
index  for  slope  instability  as" produced  by  a  given  rainfall  hyetograph.  We  used  this 
model  to  investigate  slope  dynamics  for  a  small  mountainous  catchment  in  the 
Versilia  watershed,  NW  Tuscany,  Italy.  Fine  resolution  soil  and  storm  data  allow  to 
investigate  the  effects  of  temporal  and  spatial  scales  in  the  mathematical 
representation  of  complex  physics.  It  is  seen  that  one  can  reproduce  the  observed 
slope  dynamics  only  if  a  high  spatial  distribution  is  adopted.  Accordingly,  the  spatial 
distribution  of  estimated  safety  factor  is  capable  of  reproducing  that  of  the  mass 
movements  occurred  during  the  flood  event.  Further  simulations  using  syntetic 
hyetographs  can  help  evaluating  hydrologic  thresholds  for  shallow  landslides  in  the 
catchment.  Preliminary  analysis  of  simulations  indicates  that  the  extention  and 
spatial  distribution  of  critical  values  of  the  slope  instability  index  depend  on  the 
return  period  of  total  rainfall  depth  in  a  storm.  This  could  perspectlvely  allow  to 
evaluate  hydrologic  thresholds  for  shallow  landslides  based  on  climate,  soil  and 
topography  characterization. 
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On  4  -  9  July  1997  a  heavy  rainfall  event  heavily  affected  the  eastern 
part  of  the  Czech  Republic.  During  5  days  the  precipitation  exceeded 
about  400  -  500%  the  long-term  normal,  with  maximum  617  mm/5 
days.  Large  areas  were  affected  by  slope  instability.  A  several 
hundreds  landslides  were  registered  during  this  event.  The  roads, 
buildings  and  main  railways  were  damaged  in  many  places. 
Landslides  were  concentrated  particularly  in  the  region  of  the 
Carphatian  Flysh,  especially  in  the  territory  where  a  claystone 
formations  predominate.  Most  of  landslides  had  a  short  and 
dangerous  evolution.  In  many  cases  the  old  landslide  bodies  were 
reactivated.  The  earthflows  and  stream-like  landslides  predominated. 
In  the  contribution  the  first  results  of  landslide  inventory  and  analyses 
are  demonstrated. 
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RITIR.N  PERIOD  ASSOCIATED  TO  RALWALL  THRESHOLD  FOR 
LANDSLIDE  TRIGGERING 
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The  analysis  of  landslides  triggered  by  rain.'alls  is  based  on  the  hypothesis  that  the 
behaviour  of  the  hillslope  can  be  assumed  as  stationary  In  such  case,  it  is  possible  to 
define  some  rainfall  threshold  for  the  triggering  of  the  slide  movement  Usually  the 
threshold  is  defined  on  a  filtered  process,  called  mobility  function,  defined  as  a 
convolution  between  the  rainfall  Intensity  in  the  past  and  a  filter  function, 
characteristic  of  the  landslide  studied  In  the  paper  an  analysis  of  different  landslides 
characterised  by  single  or  multiple  movements  in  the  Southern  Italy  is  carried  out 
Panicularly  the  difference  among  the  various  filter  functions  is  studied,  higlighting  the 
different  behariour  of  landslides  characterised  by  a  rapid  or  a  slow  reaction  to  the 
rainfall  input  Moreover  the  attention  is  focused  on  the  variation  of  the  return  period 
associated  at  the  rainfall  thresholds  These  latter  are  evaluated,  for  different ; 
durations,  by  assessing  the  mutimum  constant  rainfall  able  to  produce  the  attainment 
of  the  mobility  function  threshold  In  such  way,  the  dependence  of  the  critical 
rainfalls  on  the  duration  is  investigated  The  return  periods  of  these  critical  rainfalls 
are  evaluated  by  a  statistical  analysis  of  the  extreme  rainfalls  The  statistical 
distributions  employed  for  the  assessment  of  the  return  periods,  are  different 
according  to  the  duration  considered.  For  short  duration  (some  days)  distributions 
highly  shewed  are  assumed,  while  for  the  rainfall  accumulated  on  long  period  (of 
some  week)  distributions  less  skewed  are  prefe.Ted 
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Abundant  seasonal  rainfall  combined  with  steep  unstable 
slopes  and  a  high  level  of  current  seismic  activity  contribute 
to  increase  the  vulnerability  of  populations  and  of 
infrastructures  in  northern  Israel  as  well  as  in  neighboring 
areas.  Understanding  the  effects  of  rainfall  on  the  present 
non-seismic  activity  of  unstable  slopes  is  the  key  to  further 
predictions  of  their  potential  co-seismic  behutior.  .A  multi- 
parameter  monitoring  project  was  undertaken  over  a  period 
of  24  months  on  a  dip-slope  landslide.  The  present  aseismic 
slip  rate  and  deformation  were  quantified  using  five 
parameters:  rainfall,  water  table  level  fluctuation,  radon 
emission,  surface  and  subsurface  displacement.  Results  show 
that  intense  and  irregular  rainfall  followed  by  a  rapid 
recharge  of  the  water  table  have  little  influence  on  the 
activity  of  the  landslide  whose  slip  surface  is  perm.inently 
located  below  the  water  table.  This  e.xplains  whs  past  seismic- 
triggering  of  landslides  also  occurred  during  the  dry  season. 
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Floods  along  arid  ephemeral  streams  are  considered  as  the  major  souree  of 
groundwater  recharge  into  the  shallow  alluvial  aquifer.  The  latter,  however,  is  served 
as  an  inteimcdiate  sub-sur&ce  storage  for  deep  percolation  and  recharge  into  deep 
regional  aquifers.  Contaminants  accumulated  in  upper  basin  reaches,  may  te 
transferred  by  floods,  spread  along  the  riverbed,  and  may  percolate  into  the  shallow 
aquifer.  The  level  of  the  contamination  is  controlled  by  the  rate  of  streambed 
infiltration  and  by  the  hydraulic  properties  of  the  alluvial  sediments.  As  the  level  cf 
pollution  is  diluted  downstream,  the  longitudinal  flux  along  the  alluvial  aquifer  and 
mixing  with  local  water  control  the  spatial  distribution  of  the  groundwater 
pollution.  Antropogenic  pollutants  and  industrial  contaminants  have  accumulated  in 
the  upper  Beer  Sheva  wash  in  the  Nordiem  Negev  desert,  Israel.  Geomorphic 
structures  coupled  with  multi-variable  cluster  analyses  performed  on  dissolved 
chemicals  and  environmental  isotopes  in  the  shallow  groundwater  were  used  to 
discretize  the  alluvial  aquifer  into  hydrological  compartments.  A  multi-cells  mixing 
cell  model  was  applied  to  identify  and  to  quantify  sources  of  recharge,  rates  cf 
streambed  infiltration  and  longitudinal  fluxes  along  the  shallow  alluvial  aquifer. 
Results  elaborate  on  the  role  of  floods  in  relation  to  the  geomorphic  structure  in 
transmitting  pollution  along  graveled-bed  aquifers. 
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INFLUENCE  OF  THE  ENVIRONMENTAL  AND  ANTROPOGENIC  CHANGE 
ON  FLOOD  PROCESSES  OF  THE  INFERIOR  SECTOR  OF  THE  DANUBIAN 
RIVER 
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In  analysing  the  influence  of  the  antropogenic  change  on  the  flood  processes  of  the 
inferior  sector  of  the  Danubian  River,  the  general  schema  of  the  impact  studies  was 
used:  the  generating  process  of  changing  was  hydraulic  structures  of  the  inferior  sector 
of  the  Danube,  the  direct  receptor  environment  -  the  of  the  Danube,  the  transfer 
characteristics  of  the  flow  of  water  and  sediments  and  of  the  river  bed,  the  indirect 
changed  environment  -  the  delta  and  the  sea  coast.  The  hidraulic  accounted  structures 
are:  the  Hydroenergetique  system  Portile  de  Fier,  the  The  consequences  on  the  flow 
components  (water  and  sediments)  was  revealed  as  well  as  the  modification  of  the 
morphological  strucmres  of  the  river  bed. 
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Flood  processes  are  closely  linked  not  only  to  the  characteristics  of  rainfall  events 
but  also  to  the  main  features  of  the  catchments  (slopra,  plant  cover,  permeability  of 
soils).  To  integrate  all  these  factors,  the  Pyrenean  Institute  of  Ecology  has  monitored 
two  catchments  in  the  Borau  (Loma  de  Amds  catchment)  and  Alsa  (San  Salvador) 
Valleys,  Central  Spanish  Pyrenees.  Information  on  precipitation,  air  tempetalute,  soil 
humidity,  sediment  transport  and  discharge  has  been  obtained  continuously  since 
1995.  The  purpose  of  this  paper  is  to  study  the  characteristics  of  the  floods  in  two 
catchments,  one  occupied  by  abandoned  fields  and  another  by  a  dense  forest  cover. 
The  results  show  the  effects  of  forest  recovering  on  peak  flows  and  on  time  lag  since 
the  beginning  of  the  precipitation  and  also  allows  to  establish  seasonal  comparisons. 


A  DIGITAL  DATA  BASE  OF  CATCHMENT  CHARACTERISTICS  FOR 
ASSESSING  ANTHROPOGENIC  EFFECTS  ON  FLOOD  PROCESSES 
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Regional  analyses  of  flood  processes  are  ^atly  facilitated  by  a  coherent  data  set  of 
catchment  characteristics  covering  the  entire  region  with  suflicient  detail.  We  have 
used  the  digital  data  base  of  Behr  (1989)  as  a  first  step.  This  data  base  covers  all  of 
Austria  (totalling  an  area  of  about  90000  km^)  and  consists  of  (a)  the  boundaries  of 
20000  natural  catchments  with  a  total  of  10*  nodes  and  (b)  the  stream  network  with 
a  total  of  7- 10*  nodes.  Both  pieces  of  information  have  been  digitised  at  a  1:50000 
map  scale.  As  a  second  step,  this  data  set  is  being  combined  with  stream  gauge 
locations.  This  gives  the  boundaries  of  about  500  gauged  catchments.  As  a  third 
step,  these  data  are  being  combined  with  a  digital  elevation  model  of  the  region  and 
with  land-use  data  derived  from  Thematic  Mapper  images.  This  allows  us  to  derive 
topographic  characteristics  (such  as  mean  slo^)  and  land-use  characteristics  (such 
as  percent  forested  area)  for  all  catchments  m  a  coherent  way.  As  a  fourth  step 
regional  flood  frequency  data  are  now  being  examined  in  the  light  of  these 
catchment  characteristics.  This  is  done  (a)  by  a  downward  approach  by  deriving  and 
regionalising  statistical  relationships  between  flood  frequency  characteristics  and 
catchment  characteristics,  and  (b)  by  an  upward  approach  by  derived  flood 
frequency  simulations.  The  latter  analysis  makes  use  of  additional  data  such  as 
rainfall  and  a  regime  type  classification  of  catchments  based  on  the  seasonal 
variability  of  stream  flow.  Both  approaches  will  aljow  us  to  examine  the  role  of 
land-use  and/or  climatic  forcings  in  Ae  regional  distribution  of  floods  and  to  analyse 
the  potential  impact  on  flood  processes  of  anthropogenic  changes  in  land-use  and 
catchment  management.  Preliminary  results  of  the  analyses  will  be  presented. 

Behr,  O.  (1989)  Digitales  Modell  des  Oberflachenentwasserungssystems  von 
Osterreich.  Technical  Report  No  11,  Institute  of  Hydraulics,  Hydrology  and  Water 
Resources  Management,  Technical  University  of  Vienna,  65pp. 


HYDROLOGY  AND  FOREST :  A  MODELLING  APPROACH  ON  THE 
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In  the  framework  of  the  European  project  FOREX,  the  impact  of  forest  and 
silvicultural  practices  upon  extreme  flows  of  rivers  is  studied  on  three  small 
experimental  watersheds  located  on  the  southern  flank  of  the  Mont  Lozere  (Massif 
Central,  Cdvennes,  France)  and  characterised  by  a  mountainous  and  Meditenan^ 
climatic  influence.  Each  watershed  is  covered  by  a  specific  type  of  vegetation 
(grassland,  beech  and  spruce).  A  clearfelling  has  occurred  on  the  spruce  watershed 
followed  by  a  slow  reforestation.  A  lumped  hydrological  model  able  to  simulate  the 
soil  moisture  has  been  calibrated  on  the  three  watersheds  by  comparing  simulated 
runoff  with  observed  data.  In  order  to  validate  the  simulated  soil  moisture 
evolution,  an  automatic  measurement  site  has  been  settled  on  the  two  forested 
basins.  Diflerence  between  parameters  values  is  studied  in  term  of  vegetation  cover 
influence  on  hydrological  processes.  We  analyse  the  parameters  values  evolution  in 
parallel  with  vegetation  cover  change  on  the  spruce  watershed.  The  stability  of  the 
model  calibrated  parameters  is  controlled  on  the  two  other  watersheds  where  fte 
vegetation  cover  is  stable  during  all  the  observation  period.  This  modelling 
approach  appears  usefril  to  quantify  the  influence  of  forest  on  water  storage  in  soils 
and  on  losses  by  interception  and  evapotrar^iration,.  On  the  other  hand,  the  forest 
protection  against  floods,  especially  against  the  well  known  and  spect^ar 
Cevennol  floods,  is  not  clearly  demonstrated,  in  agreement  with  previous  studies. 


RISK  OF  FLOODING  AND  PROBABILITY  OF  EXTREME 
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Risk  is  the  potential  of  unwanted  consequences  from  impending  events. 
Ri^  assessment  involves  the  conversion  of  consequences  to  a  numerical 
loss  and  an  often  applied  measure  of  risk  is  the  statistically  expected  loss 
t.e.  the  sum  of  products  of  the  losses  and  their  corresponding  probabilities. 
A  common  impression  of  an  increase  in  the  risk  of  flooding  thus  does  not 
automatically  imply  an  increase  in  the  probability  of  extreme  floods. 
FKiors  creating  risk  of  flooding  are  analysed  on  the  example  of  the 
Glomma  River  {40000km*)  in  Norway  in  this  perspective.  These  factors 
can  be  divided  into  upstream  controls  in  headwaters  and  main  rivers  and  on 
site  characteristics  of  a  floodplain.  The  influence  of  individual  changes  in 
land  use  by  deforestation  etc  on  floods  in  headwaters  can  be  studied  by 
physical  approaches  like  derived  distribution  functions.  However,  these 
approaches  at  present  have  limitations  when  it  comes  to  the  upscaling  to 
large  basins.  Synchroniciiy  in  time  of  floods  in  headwaters  significantly 
effects  the  character  of  the  downstream  flooding.  Empirical  scaling 
relationships  of  floods  with  different  return  periods  offer  a  better  tool  for 
analysing  this  synchronicity  and  also  the  effect  of  regulation  in  the  main 
river  system.  The  on  site  characteristics  of  a  floodplain  are  of  importance 
for  both  the  probability  of  flooding  and  the  cost  of  damage  by  the  flooding. 
These  characteristics  include  the  channel  properties  as  expressed  by  a  stage 
discharge  curve,  the  topog^hy  of  the  Qc^plain  including  artificial  levees 
and  embankments  and  the  degree  of  economic  exploitation.  The 
contribution  of  the  latter  factor  is  constantly  increasing  causing  an 
increasing  risk  of  flooding. 


LAND-USE  CHANGES  INFLUENCING  STORM  RUNOFF  GENERATION 
and  the  POTENTIAL  OF  DECENTRALIZED  FLOOD  RETENTION 
MEASURES  TO  COMPENSATE  FOR  SUCH  CHANGES  -  A  SURVEY 
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Decentralized  flood  retention  measures  are  extensive  measures  reducing  and  delaying 
stoini  runoff  generation  throughout  the  whole  catchment  area.  A  reduction  of  stonn 
runoff  generation  can  be  achieved  by  afforestation,  cultivation  practices  preventing 
overland  flow,  or  structures  like  hedges  or  balks  subdividing  hillslopes,  for  instance. 
These  measures  should  be  adopted  in  parts  of  the  catchment  wifli  a  spreifically  high 
runoff  production  rate.  In  a  wider  senre,  numerous  small  measures  along  the  channel 
network  are  called  decentralized  as  well. 

The  aim  of  decentralized  flood  retention  measures  is  to  compensate  for  anthropogenic 
changes  within  the  catchment.  But  so  far,  measurements  documenting  the  impact  of 
such  measures  at  different  scales  are  rare.  In  this  contribution,  conclusions  about  their 
potential  for  runoff  reduction  are  drawn  by  reviewing  studies  focussing  on  the  impact 
of  urbanisation,  reallocation  of  land,  deforestation,  or  river  regulation  on  runoff  gen¬ 
eration  and  flood  runoff,  respectively.  This  review  leads  to  a  qualitative  estimation  of 
the  extent  to  which  the  flood  response  of  a  catchment  can  be  Muenced  by  human  ac¬ 
tivities. 


C1179 


HSBl 


HYDRA  -  •  Norwegian  rtocarth  programme  on  floods. 

Lan  A  Roald  (Norwegian  Water  Resources  and  Energy  Administration) 

Amor  Njas  (Centte  for  Soil  and  Enviioninental  Research) 

Abstract 

The  HYDRA  research  programme  has  been  established  to  esattiine  the  hypothesis 
that  the  sum  of  ail  human  impacts  in  the  form  of  land  use.  tegulalion,  flo^ 
protection  etc.,  may  have  increased  the  risk  of  floods.  TTie  main  objectives  is  to 
extend  our  knowledge  of  the  connection  between  natural  resources  and  human 
impact  in  the  watercourse  and  throughout  the  catchment  on  the  one  hand,  and  floods 
and  flood  damage  on  the  other.  The  programme  shall  propose  measures  to  prevent 
damaging  floods,  and  to  reduce  flood  damage  in  a  cost  eflcctive  and  environmental 
optimal  manner.  The  fsogramme  was  established  by  the  Norwegian  Water 
Resources  and  Energy  Administration  in  early  1996,  and  will  tetminate  in  1999.  The 
cost  of  the  programme  is  NOK  17-18  million  with  47  patticiparting  scientists  from 
about  15  Norwegian  institutions.  The  leatler  of  the  progtamme  is  Professor  Amor 
Njtls. 

The  scientific  work  is  performed  by  a  number  of  project  groups:  N  - 
^Natural  resources  and  land  use",  T-  “Urban  areas",  F-  "Flood  reduction,  flood 
protection  and  flood  management",  R  -  "Risk  analysis"  and  Ml  -  “Environmental 
consequences  of  floods  and  flood  prevention  measures".  The  scientific  work  is 
supported  by  the  D  -  "Databases  and  CIS"  group  and  the  Mo  -  "Modelling  group". 

The  N-group  is  studying  the  effects  on  floods  of  geology,  soils,  fotest  coverage  and 
in  small  catchments  and.  The  T-group  is  studying  the  impact  of  floods  on  the  urban 
areas  within  the  Glotnma  basin.  The  F-group  has  completed  a  study  on  historical 
floods,  and  studying  the  effecu  on  floods  of  hydropower  regulation,  constructing 
flood  protection  works,  and  the  uncertainty  of  the  forecast.  The  R-group  conducte  a 
study  on  risks  of  flood  damage  on  houses  and  agricultural  soils,  and  is  developing 
methods  for  flood  lone  mapping.  The  Mi-gtoup  is  studying  environmental 
consequences  of  various  measures  to  teducc  flood  damage,  and  will  propose  how 
environmental  consequences  could  be  included  in  the  planning  of  such  measures. 

The  Mo-gsoup  is  developing  and  teuing  a  general  model  to  study  and  quantify  the 
tbtal  effect  of  human  interferences  in  the  watercourse  and  drainage  basin. 

The  early  phase  of  the  programme  has  consisted  in  compiling  data  suitable 
to  testing  the  original  hypothesis.  The  paper  arill  present  some  e^y  results  of  the 
analyses,  which  will  be  completed  by  the  end  of  1998  by  the  various  scientific 
project  groups.  The  final  modelling  will  be  completed  in  the  first  part  of  1999. 

Dynamic  model  of  the  non-ontletted  reflervolr  (DMNOR)  and  prognosis  Its 
level  of  change. 

D.  Sadvkov.  1.  Levchenko.  Abay  University.  O.  Turkov,  KCS,Almaty,  Rqiublic  of 
Kazakstan. 


ON  THE  IMPACT  OF  FLOOD-CONTROL  RESERVOIRS  ON  HY¬ 
DROLOGIC  RISK 

S.  Orlandini,  L.  Dall’Agata  and  A.  Brath 

DISTART,  Universita  degli  Studi  di  Bologna,  Viale  Risorgimento  2,  1-40136 
Bologna,  Italy. 

A  distributed  model  of  catchment  dynamics  has  been  used  in  order  to  evaluate 
the  impact  of  flood-control  reservoirs  on  downstream  flow  propagation  under 
variable  storming  conditions.  The  catchment  model  calculates  local  contribu¬ 
tions  to  infiltration  excess  runoff  at  each  elemental  cell  by  means  of  a  time 
compression  approximation  water  balance  model  and  routes  these  contribu¬ 
tions  throughout  a  conceptual  drainage  network  extracted  from  digital  eleva¬ 
tion  model  data  via  a  diffusion  wave  routing  model  based  on  the  Muskingum- 
Cunge  method  with  variable  parameters.  Level  pool  routing  is  modeled  via 
a  fourth-order  Runge-Kutta  routine.  The  reservoir  is  described  in  terms  of 
elevation-storage  and  elevation-discharge  curves  so  that  the  outflow  is  calcu¬ 
lated  dynamically  during  flood  events  in  response  to  the  inflow  hydrograph 
from  the  controlled  upstream  drainage  area.  The  obtained  model  is  applied 
to  the  approximately  840-km’  Sieve  catchment  (Central  Italian  Appennines), 
where  the  69  x  10*-m®  multi-purposes  Bilancino  reservoir  controls  an  upstream 
drainage  area  of  about  ISO  km’.  The  impact  of  the  Bilancino  reservoir  on  the 
hydrologic  risk  for  the  downstream  Sieve  catchment  is  evaluated  by  comparing 
hydrograph  peaks  and  times  to  peak  at  several  sections  along  the  catchment 
mainstream,  as  simulated  by  the  model  for  the  natural  (without  reservoir)  and 
controlled  (with  reservoir)  scenarios. 


FLOW  ROUTING  IN  LARGE  RIVER  BASINS 

Scott  D.  Peckham  (US  Geological  Survey,  Water  Resources  Div.,  3215  Ma¬ 
rine  Street,  Boulder,  CO,  USA  80303-1066;  ph.  1-303-541-3041;  e-mail:  peck- 
ham®usgs.gov) 

Due  to  recent  advances  in  several  areas,  it  now  appears  feasible  to  predict 
discharges  of  water  and  suspended  sediment  at  all  locations  in  a  river  basin, 
given  sufflciently-accurate  topographic  data  for  the  basin  and  a  sequence  of 
remotely-sensed  or  model-derived  rain  field  snapshots.  A  robust  solution  to 
this  problem  requires  the  ability  to  successfully  perform  the  following  tasks; 
(1)  fast  and  reliable  extraction  of  rivet  network  flow  lines  from  available  digital 
devation  data  (which  may  not  be  ‘liydtologically  sound”),  (2)  a  complete, 
physically-based  theory  of  downstream  hydraulic  geometry  (whiii  can  be  used 
in  coqjunction  with  existing  gauging  station  data  to  aelf-consistently  assign 
values  to  regions  in  the  basin  for  which  data  is  not  available),  (3)  a  robust 
and  tested  method  for  parameterizing  flow  resistance  in  a  complex  setting, 
and  (4)  a  vertically-integrated  numerical  flow  model  in  two  space  dimensions. 
Substantial  recent  progress  in  each  of  these  areas  will  be  explained,  and  some  of 
the  computational  challenges  of  generating  real-time  forecasts  with  short  lead 
times  will  be  discussed. 


MODELLING  CLIMATE  AND  MAN-INDUCED  EFFECTS  FOR 
FLOOD  RISK  ASSESSMENTS:  OPEN  PROBLEMS  AND 
RESEARCH  PERSPECTIVES 

R.  Rosso  (DIIAR  and  CIRITA,  Politecnico  di  Milano,  P.za  Leonardo  da 
Vinci,  32,  1-20133  Milano  MI  Italy,  Tel.  ■h39-2-23996295;  Fax;  +39-2- 
23996207;  e-mail:  iT@idral.iar.polimi.it) 

In  this  decade  the  repeated  flood  disasters  that  occurred  in  urban  areas  of 
Europe  with  high  damage  and  loss  of  human  lives  have  emphasized  climate 
and  man-induced  effects  on  floods  as  a  fundamental  research  commitment 
with  major  implications  in  both  hydrological  science  and  engineering. 
Current  flood  risk  analysis  methods  require  to  be  improved  to  account  for 
these  effects,  and  some  of  deterministic  and  stochastic  models  presently 
used  for  prediction  of  design  floods  must  be  revised  under  this  view.  New 
insights  wd  benefits  could  be  obtained  from  the  increase  of  knowledge  on 
hydrological  processes  that  has  been  achieved  in  the  past  two  decades, 
resulting  in  the  improvement  of  the  physical  basis  of  hydrological  models. 
Hijwever,  a  number  of  problems  and  difficulties  still  remain  unsolved,  when 
using  physically  based  models  to  approaijh  the  assessment  of  flood  risk  and 
the  design  of  engineering  works  under  the  impact  of  climate  and  human 
activities.  Some  examples  are  presented  and  discussed  addressing  open 
scientific  issues  that  might  be  properly  investigated  by  Jointly  considering 
the  scientific  advances  and  the  engineering  requirements  of  flood  related 
problems. 
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It’s  known  &ct  that  processes  happen  in  the  stratums  between  cores  of  the  Sun  and 
the  Earth,  which  influence  the  level  of  the  non-outletted  reservoir  (LNOR).However, 
for  all  those  catastrophic  situations  fliere  rise  produce  in  die  dynamic  of  reserved 
lakes.  The  heliofactors  regulate  the  LNOR  through  climate,  atmosphere,  hydrosphere 
and  lithosphere.  The  connection  are  watched  with  the  change  the  parameters  of  the 
Sua  The  change  of  the  speed  of  the  Earth’s  rotation  leads  to  endogenic  processes 
and  the  deformation  processes  (DP)  in  the  crust.  Dislocation  of  the  rotation  of  the 
Earth’s  axis  leads  to  same  situatioa  In  the  DMNOR,  the  DP  are  regulated  with  the 
absolute  level  of  the  undeground  hydrosphere.  Antropogenic  factors  play  a  srecific 
role  in  DMNOR.  It’s  possible  to  t^e  into  consideration  the  iitflueiice  of 
antropogenic  Rctors,  as  global  vratining  occurs.  Hence  it  follows  that  DMNOR 
consist  of  an  established  connections  of  systems:  «the  LNOR  -  Sun’s  activity)),  by  the 
temperatures  and  dynamically  parameters  of  the  heliosphere.  cThe  LNOR  -  DP  of 
the  Earth)),  by  the  Earth’s  rotationa]  regime.  On  the  example  of  the  dynamic  of  the 
level  of  the  Caspian  Sea,  connections  are  established  in  Ae  different  systems.  The 
22-90  year  cycles  are  observed  in  the  trend  changes.  DMNOR  is  made  up  of  global, 
regional  and  the  technical  change  in  many  stratums  between  the  Sun  and  the  EartK 
And  real  rise  it  &11  of  the  water  level  nee^  to  be  of  monitored  in  stratums  between 
die  Sun  and  the  Earth. 


DETECTION  OF  CYCLICAL  OSaU-A'nONS  OF  TEMPORAL  SERIE- 
OF  WATER  FLOU  AND  CONCENTRATION  OF  NUTRIENT  MATTERS 
IN  WATERS  OF  THE  DNEPR  RIVER  BASIN 

SSNIZHKO  (Taias  Shevchenko  Kiev  University,  Vasylkivska  st.  90, 252022 
Kiev,Ukraine 

By  means  of  a  method  of  sliding  average ,  research  of  temporal  series  of  water 
flou  and  concentration  of  nutrient  matters  of  23  riven  of  the  Dnepr  river  basin 
was  made  during  the  long-term  period  of  1945-1990. 

The  analysis  of  the  graphs  of  values  of  water  flou  has  proved  the  presence  of  cyc¬ 
lical  o.9cillalions  of  average  annual  water  flou  wich  are  seen  in  sequential  alterna¬ 
tion  of  phases  of  fall  andrise.i.c.lowand  high  water  phases  (terras).  During 
the  mentioned  period  of  time  it  Is  possible  to  select  2  full  cycles  of  change  of  the 
water  flou:  i)  1956-59  - 1969-71;  2)  1971  •  1981 . 

The  cycles  with  such  periods  of  pasdng  and  duration,  respectively  12-16  and  1 1 
years  respectively,  are  characteristic  of  majority  of  the  rivets  of  the  basin.  Is  de¬ 
lected  as  of  concentration  of  nutrient  matters  (NOz',  NO/,  FOq’')  cyclical  ostil- 
latlon.'i.  It  is  discovered  that  phases  of  magnification  and  diminution  of  concentra¬ 
tion  of  .substances  and  somilar  phases  of  water  flou  are  .simultaneous.  A  conclu¬ 
sion  about  possible  cyclical  character  of  the  processes  of  anthropogenic  eutrophi¬ 
cation  of  surface  water  is  made. 
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SEISMIC  HAZASD  ACCESSEMENT:  NON  PARAMETRIC  TESTS  TO 
ISOLATE  SEISMOGENIC  REGIONS 

Alexandra  Afilhado  f  1.41.  L.A.  Mendes-Victor  (2,3,4)  e  Ilidio  Martins  (3) 

(1)  Instituto  Superior  de  Engenharia  de  Lisboa,  (2)  Faculdade  de  Cidncias  da 
Universidade  de  Lisboa,  (3)  Instituto  Ceofisico  do  Infante  D.  Luis,  (4)  Centro  de 
Geofisica  da  Universidade  de  Lisboa,  ammga@cc.fc.ul.pt/Fax;  +351-1-3953327 

Our  study  concerns  the  seismicity  ofPortugal  and  oceanic  adjacent  area.  We  use  the 
LGD.L.  seismic  catalog  updated  in  September  of  1997.  This  catalog  includes  also 
the  historical  records  of  this  region.  Our  starting  hypothesis  is  that  the  catalog 
includes  several  earthquake  populations,  related  to  the  different  seismotectonic 
structures.  To  isolate  each  population  we  have  to  test  if  there  is  a  statistical  relation 
among  several  samples  picked  of  the  catalog.  The  testing  must  be  performed  in  a 
non  parametric  basis.  The  catalog  is  divided  into  rectangular  cells  in  order  to  define 
samples.  Each  sample  is  a  sequence  of  pairs  made  of  magnitude  classes  and 
frequency  values.  We  pick  two  or  more  samples  from  the  seismic  catalog  and  test 
the  null  hypothesis  that  they  belong  to  the  same  earthquake  population.  For  each 
test,  the  cells  must  be  neighbors  of  each  other.  The  exhaustive  testing  along  the 
catalog  allows  the  evaluation  of  the  limits  of  each  seismogenic  region:  the  related 
cells  will  join  to  be  part  of  the  same  seismogenic  region.  For  each  of  these 
coalescent  seismogenic  regions  we  plot  the  usual  frequency-magnitude  data,  in 
order  to  evaluate  the  parameters  of  the  Gutenberg-Richter  law.  This  evaluation 
follows  a  robust  fitting  process. 


T.  Babayan 

Instimte  of  Geophysics  and  Engineering  Seismology,  NAS  RA, 
Leningr^ian  Sl,  5,  Gyumri,  377515  Armenia 
iges@shiiak.am 

This  work  is  the  frllowing  stage  of  elaboration  of  the  new 
method  of  grounds  seismic  hazard  assessment 
Revealing  the  factors  on  which  the  seismic  danger  of  grounds 
depend  (damping  velocities  of  seismic  waves,  periods  of  more 
intensive  part  of  oscillations  of  earthquakes,  hypocenttal 
distances  and  energy  class  of  earthquakes)  and  ^fining  the 
connection  between  these  parameters  separately  for  soft  soils 
and  rocks,  the  change  of  the  degree  of  seismic  danger  which 
the  change  of  these  parameters  for  each  ground  condition 
turned  out  Comparing  quantitative  descriptions  for  rocks  and 
soft  soils  we  obtained  the  degree  of  the  increment  of  seismic 
intensity  in  compared  ground  conditions. 


VARIATIONS  OF  NEUTRON  FLUX  IN  THE  LOW  ATMOSPHERE  AND 
DEFORMATIONS  IN  THE  EARTH  CRUST 

E.  ABeliaeva,  B.M.Kuzhevskij,  O.Yu.Nechaev  (D.V.Skobel’tsin  Institute  of 
Nuclear  Physics,  Moscow  State  University,  1 19899,  Moscow,  Russia) 

Variations  of  thermal  and  slow  neutron  flu-xes  at  the  level  of  the  Earth  surface  in  the 
region  of  Moscow  are  obMrved  on  the  plant,  developed  in  the  Institute,  since  1993. 
We  found  out  variations  of  neutron  flux  with  amplitude  up  to  thousands  per  cents 
and  duration  of  dozens  of  minutes,  which  correlate  with  new  moons  and  full  moons. 
Cause  of  this  phenomenon  is  influence  of  tide  force  of  Moon  and  Sun  arul  change  of 
gravitation  force  gradient  sign  in  this  time.  Formerly  analogous  phenomenon  was 
detected  by  us  in  the  seismoactive  regions  of  Pamir. 

Submitted  Information 

1.  Boris  M.Kuzhevskij,  address:  D.V.Skobel'tsin  Institute  of  Nuclear  Physics, 
Moscow  State  University,  119899,  Moscow,  Russia; 
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MODEL  OF  SEISMIC  LOADS  DISTRIBUTION  FOR  THE  KALININSKAYA 
NUCLEAR  POWER  PLANT  SITE 

A.G.  Bugaevsky*,  E.P.  Timoshuk” 

♦Seismological  Center,  Institute  of  Geoecology,  Russian  Academy  of  Sciences 
**  Institute  of  Seismological  and  Geophysical  Investigations,  JSC 

In  order  to  estimate  the  seismic  hazard  level  for  the  site  of  the  Kalininskaya  Nuclear 
Power  Plant,  which  is  on  operation  now,  the  seismic  microzonation  was  carried  out. 
The  instrumental  method  was  applied  to  construct  the  model  of  seismic  loadsi 
distribution  for  the  NPP  site  and  the  NPP  main  structures.  The  field  observations 
included  registration  of  microseisms  and  that  of  ground  motions  generated  by 
non-explosive  (pneumatic)  source.  396  vertical  component  records  of  ground  motions 
generated  by  the  pneumatic  source  and  432  records  of  microseisms  were  obtained  at 
84  observation  seismometric  points  both  for  free  field  and  the  main  smjcniresi 
foundations.  The  estimation  of  seismic  loads  was  made  for  three  period  ranges:  from 
0.5  up  to  2.13  sec  (0.47-2  Hz),  from  0.3  up  to  0.5  sec  (2-3.33  Hz)  and  from  0.16  up  to 
0.3  sec  (3.33-6.25  Hz).  The  local  seismic  sources,  which  are  dealt  with  stationary 
technogenous  sources  of  noise  mechanical  vibrations,  were  revealed  on  the  basis  of 
data  obtained  for  technogenous  changed  soils  under  the  condition  of  intensive 
industrial  seismic  noises.  The  quantitative  estimations  of  seismic  loadsi  intensity  for 
local  sources  of  seismic  noises  allowed  as  a  first  approximation  to  exclude  their 
contribution  from  the  observed  pattern  when  compiling  the  maps  of  seismic 
microzonation  for  the  NPP  site. 


EARTHQUAKE  HAZARD  MAPS  AND  STRONG  EARTHQUAKES: 
assessments  AND  REALITY 

Yo.K.Cliemovf  I ).  V. Yu.Sokolov(2). 

(1)  SK IGC.  Dzerzhynsky  185,  Stavropol.  RUSSIA  355105 

(2)  LenhydroprojecI,  pr.  Ispylaleley  22,  St.Petersburg.  RUSSIA  197227 
E-mail:  vus@info.rasl.spb.ru 

Traditionally  the  level  of  seismic  hazard  in  some  countries  is  measured  in  tenns  of 
intensity  scale,  and  certain  intensity  values  ("basic  intensity")  arc  assigned  to  every 
region  by  Building  Codes  to  be  taken  as  guiding  principles  in  construction  of  public 
buildings.  Strong  earthquakes  of  M=7.  occurred  during  last  20  years  in  the  USSR 
and  Russia,  showed  that  the  assessments  of  seismic  hazard  for  regions  of  the  ev  ents 
occurrence,  must  be  revised,  because  the  earthquakes  were  more  severe  than  the 
Building  Code  provisions  allowed  for.  We  carried  out  new  assessments  of  “basic 
intensity"  using  method  of  probabilistic  seismic  hazard  estimation  developed  by 
the  authors.  The  incihod  is  based  on  Cornell's  (1968)  procedures,  and  it 
incorporates  into  analyses  information  on  ground  motion,  seismicity  arid  tectonics, 
and  allows  to  consider  both  regional  and  local  features  of  seismic  waves 
propagation.  When  employing  the  method,  wc  used,  as  far  as  possible,  the  data  on 
seismicity  that  wCrc  available  before  the  earthquakes.  Therefore,  this  study  may  be 
considered  as  a  test  of  our  approach  and  technique.  The  results  demonstrate 
that  our  assessments  of  "basic  seismicity"  conftrm  the  obsened  data,  and  they  may 
be  used  as  a  reliable  basis  for  Building  Code  provisions. 


C1181 


NH3 


NATURAL  AND  TECHNOGENIC  SEISMICITY  ASPECTS  FOR 
KUZNETSK  BASIN  OF  ALTA Y-SA VAN  FOLDEN  REGION 

A.  A,  Dergachev  (1).  A.G.  Filina  (I)  and  V,  I.  Muclinaya  (2) 

(1)  Geophysical  service  of  Siberian  branch  of  Russian  Academy  of  Science, 
Prospcci  Akademika  Koptyuga.  3.  Novosibirsk.  Russia. 

(2)  Institute  of  Geophysics.  Prospect  Akademika  Koptyuga.  3,  Novosibirsk,  Russia. 
E-mail:  derg®imiggm.nsc.ni  .  agf®gs.uiggm.ru 

The  Kuznetsk  basin  (Kuzbass)  is  one  of  the  m.ajor  structure  of  the  Altay-Sayan 
folden  regions  of  the  southern  West  Siberia.  The  great  number  of  mines  and 
enterprises  plants  arc  located  here.  The  Kuzbass  is  a  region  of  low  seismicity,  but 
there  is  a  vc.vcd  question  to  assess  regional  seismic  hazard.  Powerful  e.vplosions  arc 
used  there  for  mining  purposes.  At  present  seismicity  activizing  of  this  territory  is 
observed.  Since  1988  there  was  happen  the  scries  of  seismic  events  caused 
significant  macroseismic  effects.  This  events  arc  connected  both  with  tectonic 
processes  and  with  violation  of  the  dynamic  balance  in  the  large  mine(s)  massif. 
Principal  distinction  between  natural  and  tcctogcnic  events  arc  based  on  foci  depth, 
location  near  or  far  from  a  mine  and  where  or  not  the  current  shock  rate  deviate 
from  background  earthquake  rate.  The  problem  of  the  discrimination  between 
earthquakes  attd  chemical  c.vpiosions  is  the  main  one  of  Kuzbass.  We  began  to 
prepare  the  regional  catalog  of  the  earthquakes  1963-1995  years  where  being 
founding  evident  c.vpiosions  and  events  with  c.-iplosion-like  waveforms  are  marked. 


EXPERIMENTAL  DETERMINATION  OF  RESONANCE  FREGUENCIES  OF 
LOOSE  SEDIMENTARY  LAYER 

A.F.  Dtemiov 

Institute  of  the  Earth's  Crust  SB  RAS,  E-mail:  san@cora.iikutsk.su 

The  ratio  of  relationships  4H  =  nV/f  (where  n  =  1,  3,  5 . V  is  a  velocity  of  seismic 

wave  propagation,  and  f  is  a  resonance  frequency  of  a  layer),  obtained  according  to  P- 
and  S-waves  in  one  site,  provides  a  curve  with  the  first  minimum  corresponding  to 
resonance  frequency  of  S-waves,  and  with  the  first  maximum  coiresponding  to  resonance 
frequency  of  P-waves.  10  earthquakes  with  epicentral  distances  less  than  100  and  K(9  are 
recorded  in  3  sites  located  on  hard  frozen  and  detrital  grounds  (T(-1.80C)  with  an 
average  thickness  of  100  m  at  a  dip  angle  of  layer-halfspace  boundary  of  50,  and  in  3 
sites  located  on  pemudfrost  rocky  grounds  (T(-30C).  A  high  resolution  of  spectra  on 
frequency  was  0.5-0.75  Hz,  and  an  error  did  not  exceed  0.2.  As  a  result  of  it,  resonance 
frequencies  were  assessed.  In  the  first  site  they  were  1.7  -  2.3  Hz  for  S-waves  and  4  - 
5  Hz  for  P-waves,  in  the  second  site  -  i.4  -  2.0  Hz  and  3.5  -  4.5  Hz  and  in  the  third  one 
-  1.1  -  1.6  Hz  and  2  •  4  Hz  for  S-  and  P-waves  respectively.  An  average  ratio  of 
resonance  frequencies  and,  therefore,  of  propagation  velocities  of  P-waves  to  those  of 
S-waves  was  1,6;  1.8  and  1.9.  In  average  for  a  layer  it  was  1.75.  The  ratio  of  frequency 
characteristics  of  P-waves  to  those  of  S-waves,  obtained  for  rocky  grounds,  showed  that 
the  components  of  wave  fields,  scattered  on  inhomogeneities,  may  significantly 
superimpose  on  seismic  signals,  especially  at  frequencies  more  than  5  Hz.  The 
mirumumsand  maximums  of  the  ratio  of  frequency  ch^cteristics  is  more  expressed  for 
earthquakes  with  epicentral  distances  less  than  100  km. 


UNCERTAINTY  IN  THE  ESTIMATION  OF  SEISMIC  HAZARD  AND 
DESIGN  GROUND  MOTIONS  FOR  NUCLEAR  POWER  PLANTS  IN 
GERMANY 

Diethelm  Kaiser 

Institut  fiir  Geowissenschaften,  Friedrich-Schiller-Universitat  Jena 
kaiser@geo.uni-jena.de  /  Fax:  +49  3641  948  662 

Earthquake  hazard  has  become  an  important  issue  for  several  nuclear  facilities  in 
Germany.  The  seismic  design  ground  motion  parameters  for  nuclear  power  plants  in 
Germany  have  been  determined  using  deterministic  approaches  in  accordance  with 
the  existing  regulatory  requirement.  The  macroseismic  intensity  as  basic  parameter 
of  the  design  earthquake  was  related  to  peak  horizontal  acceleration  to  scale  the 
standard  USNRC-spectrum  (modified  in  the  low  frequency  range).  Design  horizontal 
accelerations  range  from  approximately  0.5  m/s’  in  Northern  Germany  to  1.5  -  2  m/s’ 
for  facilities  along  the  Rhine. 

Recent  strong-motion-recordings  indicate,  that  the  standard  response  spectra  used  in 
previous  years  overestimate  the  low  frequency  content  but  underestimate  the  high 
frequency  content  of  strong  ground  motions  in  Central  Europe  and  other  intraplate  / 
low  seismicity  regions.  Local  soil  conditions  can  have  a  larger  influence  than 
previously  considered.  The  input  parameters  and  assumptions  for  a  seismic  hazard 
assessment  are  connected  with  large  uncertainties.  It  is  important  to  estimate  these 
uncertainties  and  their  influence  on  the  final  result  explicitly.  Recent  advances  in  the 
earth  sciences  require  a  seismic  re-evaluation  of  nuclear  power  plants  in  Germany. 


EXTREME  VALDES  THEORY  FOR  MAPPING  OF  SEISMIC  HAZARD  IN 
ALBANU 

S.  KOCIUfn  ■  J.StNANIfZ) 

(l)Seismological  Institute ,  Tirana,  ALBANIA,  kociu  @  sizmo. 
tinma,al/Fax:+3S542-28274;  (2)Tirana  Polytechnic  University,  P.  O. 
Box  8193,  Tirana,  ALBANIA 

Based  on  extreme  value’s  theory  (  first  and  third  Gumbel  distributions) 
the  mapping  of  seismic  hazard  in  space  and  time  was  performed  for  the 
territory  of  Albania.  Missing  events  of  smaller  magnitudes  were 
considered  based  on  normalized  seismic  activity  maps.  It  was 
considered  that  despite  of  lack  of  important  seismic  events  in  particular 
regions  during  the  particular  periods,  normalized  seismic  activity  maps 
showed  that  there  is  a  continuous  seismic  background  which  has  to  be 
taken  into  consideration  during  the  assessment  of  seismic  hazard  for  a 
particular  region.  The  outputs  of  studies  carried  out,  were  presented 
through  the  maps  of  maximum  expected  earthquakes  and  total 
inagnitudes(  or  total  energy  released  during  the  particular  period  of 
observations  taken  into  consideration  for  computation  purposes). 
Comparison  of  observed  and  predicted  events  showed  a  good 
coincidence  for  some  particular  regions  and  the  importance  of  great 
linear  foci ,  which  are  characteristic  for  Abania,  in  the  seismic  tmaii 
assessment  procedures. 


THE  IMPACT  OF  b  VALUE  UNCERTAINTY  ON  LOSS  ESTIMATION  IN 
THE  REINSURANCE  INDUSTRY 

D.  Liechti,  E.  Ruettener,  S.  Eugster,  R.  Streit ;  Risk  Management  for  Nahrral 
Hazards,  Zurich  Reinsurance,  8022  Zurich;  dany.liechti@zurich.com 

In  reinsurance  industry  different  probabilistic  models  are  currently  used  for  seismic 
risk  analysis.  A  credible  loss  estimation  of  the  insured  values  depends  on  the  seismic 
hazard  analysis  and  on  the  vulnerability  functions  of  the  given  structures.  Besides 
attenuation  and  local  soil  amplification,  the  occurrence  model  (often  represented  by 
the  Gutenberg  and  Richter  relation)  is  a  key  element  in  the  input  of  the  analysis. 
However,  earthquake  catalogues  are  usually  incomplete  or  the  time  of  observation  is 
too  short  and  since  the  data  itself  have  errors,  a  and  b  values  can  only  be  estimated 
with  uncertainties.  The  knowledge  of  their  standard  deviation  provides  a  valuable 
input  for  earthquake  risk  analysis,  because  they  allow  modeling  the  probability 
distribution  of  expected  losses  (expressed  by  average  annual  loss  (AAL)). 

Magnitude  uncertainties  have  a  direct  effect  on  the  estimated  b  values  and 
consequently  on  the  calculated  probabilities  of  occurrence.  This  effect  is  best 
illustrated  by  magnitude  vs.  AAL  graphs,  where  the  sensitivity  of  average  annual 
losses  due  to  different  standard  deviations  of  b  is  obvious.  Thereby,  the  variations  of 
event  occurrence  probability  due  to  the  uncertainty  of  b  are  used  to  quantify  a 
confidence  range  and  the  standard  deviation  of  average  annual  loss. 

The  estimation  of  the  standard  deviation  of  b  and  the  quantification  of  the  sensitivity 
of  AAL  are  fundamental  for  an  optimal  earthquake  risk  management.  Ignoring  these 
uncertainties  means  that  risk  management  decisions  neglect  the  probabilistic 
character  of  the  earthquake  loss  estimations. 


SEISMOTECTONIC  CONSTRAINTS  ON  THE  MAXIMUM  CREDIBLE 
MAGNITUDE  USING  THE  GAMMA  DISTRIBUTION. 

Ian  Main  f  I).  Duncan  Irving  (1)  &  Roger  Musson  (2) 

(I)  Dept.  Geology  &  Geophysics,  University  of  Edinburgh,  (2)  British  Geological 
Survey.  Edinburgh. 

ian.main@ed.ac.uk  /Fax  +44  131  668  3184 

Recent  statistical  mechanical  and  cellular  automaton  models  of  earthquakes  as  self- 
organised  critical  phenomenon  demonstrate  that  the  most  general  form  of  the 
frequency-magnitude  distribution  is  the  gamma  distribution,  constrained  by  the  mean 
seismic  moment  release  per  event  <M>  and  the  maximum  magnitude  ntmat-  This 
allows  a  credible  maximum  magnitude  mmax  to  h«  defined  independently  by  a 
negligible  contribution  to  the  total  seismic  moment  release.  Here  we  apply  this 
method  to  seismic  hazard  in  the  mainland  UK  and  its  immediate  continental  shelf, 
where  the  gamma  distribution  -  constrained  by  a  mixture  of  instrumental,  historical 
and  neotectonic  data  -  is  used  to  extrapolate  the  frequency-magnitude  distribution 
and  determine  a  maximum  credible  magnitude.  ia  found  to  be  in  the  range 

6.3-7.3  for  the  truncated  Gutenberg-Richler  law,  or  7.0-8.0  for  the  gamma 
distribution,  compared  to  a  maximum  observed  in  the  time  period  of  interest  of  6.1 
m^.  The  upper  bounds  are  conservative  estimate  based  on  100%  seismic  release  of 
the  observed  vertical  neotectonic  deformation,  primarily  due  to  glacial  rebound, 
projected  onto  a  single  fault.  Glacial  rebound  is  predominantly  an  elastic  rather  than 
a  seismic  process,  and  the  seismicity  in  an  intraplate  area  such  as  the  UK  is  likely  to 
remain  distributed  in  space  rather  than  concentrated  on  a  single  dominant  fault,  so 
the  true  value  of  m^ax 's  likely  to  be  nearer  the  lower  end  of  the  quoted  ranges. 


C1182 


TIME  DEPENDENT  SEISMICITY  IN  CHINA 

C.  Y.  Oinfll.  E.  E.  Papadimitriou  (1),  B.  C.  Papazachos  (1)  and  G.  F.  Karakaisis  (1) 

(1)  Laboratory  of  Geophysics,  University  of  Thessaloniki,  GR-54006  Greece 
qin@lemnos,geo,auth.gr/Fax: +30-31-998528 

The  regional  time  and  magnitude  predictable  model  has  been  proved  to  be  the  most 
appropriate  one  in  describing  the  behavior  of  strong  earthquakes  occurrence  in  all 
the  regions  of  the  continental  fracture  system  (Papazachos  et  at.  1997),  It  is 
expressed  by  the  following  relations: 

logr=  O.lOMrin +0,33Af,  -0,39logmo  +9 
=0,73M„^„ -0,28Mj, +0.401ogm|) +m 

where  T  is  the  time  period  between  two  main  shocks;  Af,  the  magnitude  of  the 
previous  main  shock:  Mf  the  magnitude  of  the  following  main  shock;  A/„i,  the 
magnitude  of  the  smallest  mainshock;  mo  the  moment  rate  in  each  region,  and  q  and 
m  arc  parameters  which  change  from  area  to  area.  Based  on  the  seismotectonic  and 
other  criteria,  the  territoiy  of  China  was  divided  into  66  regions  and  the  above  model 
has  been  applied  with  the  aim  to  estimate  the  probability  of  occurrence  of  the  next 
strong  mainshock  (M>7,0)  during  the  next  decade  as  well  as  the  magnitude  of  the 
expected  event.  In  order  to  compare  the  results  obtained  by  the  model  with  the 
results  derived  by  the  time  independent  model,  statistical  tests  have  been  performed. 
It  was  found  that  the  “model  probability”  is  almost  equivalent  to  the  rate  of 
occurrence  of  the  mainshocks  in  each  area.  Furthermore,  the  success  ratio  of  the 
model  probabilities  was  found  to  be  more  compatible  with  the  real  situation  than  the 
one  estimated  by  time  independent  models. 


DETERMINISTIC  SEISMIC  HAZARD  ASSESSMENT  OF  ROMANIA 

M.  Radiilinn  (1).  N.  Mandrcscu  (1).  F.  Vaccari  (2)  and  G.F.  Panza.  2,3 

(1)  National  Institute  for  Earth  Physics,  Bucharest,  Romania 

(2)  Dipartimenlo  di  Scienze  della  Terra.  Universita  degli  Studi  d|  Trieste,  Italy 

(3)  International  Centre  for  Theoretical  Physics,  Trieste,  luly 
E-mail:  mircea®.infp.ifa.ro 


DATA  SEISMIC  ANALYSIS  AND  MODEL  OF  EARTHQUAKE 
PREDICTIONAT  THE  CHERNOBYL  (NPP)  LOCAL  ZONE 

S.  Mostovoi.  V.  Mostovoi  and  A  Osadchuk 
Institute  of  Geophysics.  Kiev,  Ukraine 
E-mail:  igpnaiui.kiev.ualroot@relay.ua.net 

Dismissed  the  problem  of  short  tenn  forecasting  of  local  seismic  events  neaiby 
Cheniobyl  NPP.  Authors  developed  the  automatic  system  of  monitoring  and 
provided  long  term  investigations  of  the  Chernobyl  NPP  (object  Shelter)  in  seismic 
frequency  band.  Obtained  results  allowed  build  the  mathematical  model  of  object 
reaction  on  extenial  seismic  disturbance  and  the  model  of  seismic  activity 
prediction.  These  models  used  for  controlling  seismic  safety  and  short  term 
predicting  of  possible  local  seismic  events.  The  system  furtlier  development  is 
supposed  to  provide  quick  access  ability  for  the  experts  to  the  registered  data.  To 
provide  maximum  access  ability  to  the  e.xpcrts  from  different  countries  special 
Internet  node  is  planned  to  be  organised.  This  node  is  to  support  data  base  with 
operative  information  about  local  seismic  activity  on  the  territory  nearby  object 
Shelter.  Contribution  gives  results  of  pnictical  realisation  of  this  scientific  work. 


SWEDISH  PALEOSEISMICITY  AND  VARVE  DATING 
Nils-Axel  Momer 

Paleogeophysics  &  Geodynamics,  S-10691  Stockholm,  Sweden 

Today,  Fennoscandian  is  characterized  be  a  low  to  moderatly  low 
sesmic  activity.  At  the  time  of  deglaciation,  the  situation  was  quite 
different,  however.  The  region  was  then  characterized  by  both  large 
and  frequent  earthquakes.  The  rate  of  isostatic  uplift  then  amoimted 
to  some  10  cm  per  year  (i.e.  about  10  times  as  high  as  the  present  sea 
floor  spreading  rates).  In  Sweden,  we  have  the  possibility  of  utilizing 
tlw  varve  chronology  for  fte  dating  of  paleosesmic  events.  This  means 
that  we  can  achieve  an  annual  resolution  despite  ages  in  the  order  of 
10,000  years.  This  technique  has  successfully  been  applied  to  some 
regions  in  Sweden.  In  the  Stockholm  region,  we  have  been  able  to  date 
an  extremely  large  paleo-seisitUc  event  to  the  autumn  of  varve  year 
10,430  BP.  This  event  caused  liquefactions  and  varve  disturbsmeies 
over  an  area  of  about  60  x  320  wn,  which  seems  to  indicate  that  we 
are  dealing  with  a  magnitude  above  M  8.  We  have  also  been  able  to 
idenHfy  multiple  events  re-occurring  about  every  20  varve  (-10,490, 
10,469,  10,447,  10,430,  -10,410  BP).  A  Holocene  event  occurred 
along  the  same  fault  zone  at  about  3500  BP.  At  Iggesund,  we  have 
recorded  heavy  bedrock  deformations  in  association  with  strong 
sediment  deformations  from  both  ground  shaking  and  tsunami 
waves,  and  turbidites  over  an  area  of  60  x  210  km  at  varve  9663  BP. 


REVISED  WORLD  SEISMICITY  CATALOG  (1950-1997)  FOR 
STRONG  (Ms  >  6)  SHALLOW  (h  <  70  KM)  EARTHQUAKES 

0  J  Perez 

Sim6n  Bolivar  University,  Department  of  Earth  Sciences,  Sartenejas,  Apdo.  Postal 
89.000,  Caracas  1080  A  Venezuela,  ojperez@usb.ve 

Using  the  earthquake  catalogs  provided  by  the  International  Seismological  Centre 
and  the  Nation^  Earthquake  Information  Center,  we  analyze  the  world-wide 
consistency  of  teleseismic  reporting,  completeness  of  the  seismicity  record  and 
homogeneity  of  magnitude  determination,  for  strong  (Ms  >  6)  shallow  (A  <  70 
Km)  shocks  in  the  period  1950  to  1997.  Under  the  postulates  that  the  rate  of 
earthquake  occurrence  for  the  entire  world  is  constant  on  a  time  scale  of  decades, 
and  that  for  the  last  three  decades  the  earthquake  catalog  for  strong  shocks  is 
complete  and  the  corresponding  seismicity  rate  is  typical  of  all  periods  in  the 
century,  we  find  that,  due  to  the  use  of  different  formulations  and  criteria  to 
calculate  the  parameter  “magnitude”,  the  Ms  of  moderate  (6  <  Ms  <  7)  events  in 
the  period  1950  to  1963  were  systematically  overestimated  by  as  much  as  0.5  unit, 
relative  to  the  Ms  assigned  to  shocks  occurring  afrer  1963.  When  this  correction  is 
taken  into  account,  the  new  catalog  of  events  with  Msfcorrected)  >  6  in  the  period 
1950  to  1997  becomes  iargely  homogeneous  in  Ms.  Under  the  postulates  above, 
this  new  catalog  is  shown  to  list  all  and  only  the  strong  shocks  t^ls(corrected)  > 
6:  h  <70  km)  that  occurred  in  the  earth  during  the  period,  a  notable  exception 
being  the  time  span  from  196-1  to  1968.  The  revised  catalog,  including  the  scalar 
moment  for  each  event,  will  be  released  at  this  meeting. 


The  seismic  hazard  is  described  by  peak  ground  motion  values  (acceleration, 
velocity  or  displacement )  and  design  ground  accelcralion.  Syhihclic  seismograms 
are  computed  by  nonnal  mode  summation  for  a  dense  grid  of  sites  covering  the 
whole  territoiy.  The  computation  is  made  separately  for  shallow  and  intermediate- 
depth  sources.  Special  attention  is  paid  to  Vrancea  earthquakes  which  prominently 
control  the  distribution  of  the  hazard  level.  The  peak  ground  motion  parameters  are 
compared  with  the  discretized  existing  maps  of  macroseismic  intensity  reported  for 
the  large  Vrancea  earthquakes.  Regressions  between  the  maximum  observed 
intensities  and  synthetic  peak  ground  motion  arc  analyzed.  The  influence  of  the 
focal  mechanism  in  the  Vrancea  source  upon  the  characteristics  of  the 
macroseismic  field  is  investigated.  The  results  of  our  deterministic  approach  arc 
finally  dismissed  with  respect  to  other  approaches  employing  the  probabilistic 
method. 


EARTHQUAKE  RECURRENCE  FOR  NORTH  EURASIA;  THE 
THENCHINC  DATA 


Tlie  trenching  method  in  paleoseismic  investigation  is  very  popular  recently  due  the 
reliable  and  informative  results.  Some  seismic  faults  of  eatthqiuikes  of  historic  and 
instrumental  periods  were  studied  by  this  technique.  For  e.vample  three  trenches 
were  dug  across  the  surface  rupture  of  the  Mogod.  1967,  Ms=7.8  earthquake  on 
Central  Mongolia  and  two  trenches  were  dug  across  the  visible  escarp  of 
problematic  palcoruptures  of  a  prehistoric  earthquake  in  Altai.  The  main  results  of 
these  researches  are:  1.  The  strong  and  major  earthquake  sources  are  stable 
structure  in  geological  environment  due  to  the  special  combination  of  geological 
and  geophysical  condition.  2.  Seismic  shocks  occur  in  the  same  source  zone 
repeatedly.  3.  An  average  recurrence  period  depends  on  structural  and  geological 
condition  (in  Alpine  fold  system-several  hundred  years,  in  young  and  ancient 
platfoniis-soveral  dozen  thousands  years. 


E.  A.  Rogozhin 

United  Institute  of  Physics  of  the  Earth  RAS.  Moscow,  Russia 
E-mail:  cvgrog@uipc-ras.scgis.ru 


C1183 


A  worldwide  seismic  hazard  assessment 


The  model  of  the  tebmie  process  and  prognosb  of  the  earthquakes. 

D.  Sadvkov.  K.  Tsteknv  Abay  University,  Almaty,  Republic  of  Kazakstan 

Many  dynamic,  defonnational  and  rotational  features  of  the  Earth,  created  by  the 
outer  and  inner  forces,  have  been  formed  as  a  result  of  the  interaction  of  its  model 
parts.  In  particular,  the  defonnadon  exceeding  the  rocks  (tensile  strength)  can  hap¬ 
pen  during  50-600  years,  vdiich  b  the  period  of  earthqu^es  (EQ)  repeddon  in  the 
varies  seismic  regions  of  the  Earth.  As  it  is  known,  EQ  are  related  to  solar  aedvity. 
Its  1 1-year  cycle  (s.c.)  can  be  used  as  unit  in  Wolfs  ^gits,  and  the  analysis  of  the 
EQ  distribudon  during  the  recent  100  years  shows  that  die  period  between  the  EQ  of 
M>8  is  6  a.c.,  and  if  M°7.0-7.9  the  period  b  5  s.c.  Inversion  of  the  seismic  aedvity 
migradon  occurs  during  2  s.c.  Analysb  of  the  seismic  aedvity  migradon  at  some  ter- 
ritoiy  shows  that  the  EQ  hypocentre  shifts  in  lon^ude  and  for  some  distances,  and 
such  displacement  are  different  depending  on  the  EQ's  magnitude.  The  EQ's  mag¬ 
nitude  is  usually  proportional  with  the  square  of  die  spherical  sur6ce  ,where  the 
outer  forces  influence  the  Earth,  and  its  inner  reacdon  against  those  forces  b  in  ac- 
don.  The  radius  of  that  surface  (R)  can  be  calculated  as  M-LgfnR^  where  R  b  in 
km.  An  example  of  the  prognosb  can  been  seen  below.  The  forecast  was  done  on 
the  12*  of  June,  1995,  for  the  second  half  of  1995.  The  possible  seismic  event  was 
eiqiected  by  the  end  of  1995  in  a  place  with  coordinates  79*+1.5'‘E,  42.5*+0.5*N, 
M=5.5+0.5.  The  actual  EQ  occurred  on  the  31*  October,  1995,  at  80®  lO'E  ,  43° 
IO'N,  M-°5.0-5.1.  At  the  same  time  the  conclusion  had  been  made  that  EQ  of 
could  not  be  expected  in  thb  area  in  1995.  That  prognosb  had  proved  to  be  correct. 
There  b  a  new  foeoredcal  basis  of  EQ  prediedon . 


METHODS  FOR  ATMO-RADIOGEOCHEMICAL  MONITORING  OF 
MANIFESTATIONS  OF  SEISMO-  TECTONIC  HAZARDS 

N.Ya.Shabalin,  M.Ya.  Borovsky",  VA-Trofimov",  E.Laubenbakh,  B.Mellchouk*". 
("Kazan'  Geophysical  Expedition,  Kazan',  Tatarstan 
"A/0  Tatneftegeofizika,  Tatarstan; 

'"VNIIgeosystem,  Moscow ;  Fax:  +095-958371 1). 

Presented  are  combined  methods  applied  to  monitor  possible  acdvizalion  of 
endogenous  geoprocesses.  Areas  with  high  ecological  risk  are  isolated  -  specific 
geodynamic  deep-seated  zones  feaniring  abnormal  geochemical  and  fluidal  regime, 
and  abnormal  seismic  (active  seismic  generating  faults).  The  study  of 
neogeodynamic  processes  b  based  on  the  high-informative  regional  and  local 
airborne  survey,  particularly,  examination  of  the  distribution  of  methane,  radon, 
uranium,  thorium,  and  potassium  found  from  atmogeochemical  and  gamma-ray 
spectrometry  made  at  the  altitude  of  50-75  m.  Airborne  equipment  includes  laser 
methane  gas  analyzer  with  the  sensitivity  of  0.1  ppm,  combined  with 
microprocessor  ADSP-2I0I;  radon  analyzer  which  provides  measurement  of  alpha- 
radiation  of  atmospheric  aerosol  sorbed  by  air  filters,  airborne  gamma-ray 
spectrometer,  etc.  Measuring  devices  are  interfaced  to  navigation  units  controlled  by 
a  computer  providing  data  acquisition,  recording  and  processing. 


ESTIMATION  OF  EARTHQUAKE  HAZARD  PARAMETERS  IN  THE 
SOUTH  AMERICA  AREA 

T.  M.  Tsapanos. 

Aristotle  University  of  Thessaloniki,  Geophysical  Laboratory,  54006  Thessaloniki 
Greece. 

E-mail;  tsapanos@geo.auth.gr 

Two  techniques  are  applied  in  order  to  estimate  the  earthquake  hazard  parameters 
in  South  America,  an  area  of  high  seismic  activity.  These  techniques  are;  1)  the  w 
values  obtained  through  Gumbel's  third  asymptotic  distribution  of  e.\’tremes,  which 
is  considered  as  the  upper  bound  magnitude  and  is  related  to  the  finite  maximum 
stresses  and  strains  which  are  currently  accumulated  and  released  by  the  rocks,  as 
eartliqtiake,  in  a  region;  and  2)  the  maximum  likelihood  approach.  This  second  one 
provides  the  regional  maximum  magnitude.  Mmax  (which  is  considered  as  the 
tna.ximtim  possible  magnitude  in  a  specific  region),  the  actiivity  rate.  A,  of  the 
seimic  events,  the  mean  return  period,  R,  of  earthquakes  with  certain  loiver 
magnitude  M>m  and  the  parameter  b  of  the  magnitude-frquency  relation.  The 
parameter  p  is  also  obtained,  which  is  interrelated  to  b,  with  b^pioge.  Six  depth- 
ranges  subdivisions  are  defined  for  the  examined  area.  All  the  seismic  parameters 
are  computed  for  each  individual  depth  range.  In  all  cases  to  values  are  higher  than 
the  region.'il  Mmax  estimates.  The  seismic  activity  rate  is  decreasing  with  depth, 
while  p  parameter,  which  ranges  between  1.18  to  2.06,  does  not  show  any 
regularity  in  its  depth  distribution.  Based  on  the  obtained  parameters,  we  evaluate 
the  seismic  hazard  of  each  depth  range  in  South  America. 


T.  M.  Tsapanos  (1)  and  C.  V.  Christova  (2) 

(1)  University  of  Tliessaloniki,  Geophysical  Laboratory,  54006  Thessaloniki, 
Greece 

(2)  Geophysical  Institute,  Bulgarian  Acad.  Of  Science,  Sofia  1113,  Bulgaria 
E-mail;  tsapanos.@geo.auth.gr 

The  most  reliable  data  set  is  used  in  the  present  study  in  order  to  evaluate  the 
seismic  hazard  in  the  whole  globe.  The  data  set  consisted  of  a  complete  and 
homogeneous  global  catalog  of  eartliquakes  with  magnitude  Ms>5.5  and  the  time 
covered  is  from  the  beginning  of  die  present  century.  The  present  study  is 
restricted  to  shallow  (h<60  km)  earthquakes.  In  order  to  produce  maps  of  seismic 
hazard,  the  whole  Earth  is  divided  into  a  grid  point  mesh  1°X1° .  For  each  1°  point 
die  parametrs  a  and  b  were  estimated  by  least  squares  method  and  using  a  sample 
of  data  of  earthquakes  located  Inside  circles  centered  at  each  point.  The  radius  of 
the  circles  varied,  starts  from  30  km  and  is  moving  with  a  step  of  10km.  Only  those 
values  of  a  and  b  are  accepted  which  fullfillcd  3  predefined  condiitions.  These  are  ; 
1)  the  number  of  earthquakes  in  the  circles  must  be  15  or  larger,  2)  the  number  of 
points  in  the  LogN-M  must  be  5  or  larger  and  3)  the  difference  between  the 
ma.xinium  and  the  minimum  m,ignitude  of  earthquakes  in  a  circle  must  be  1.5  or 
larger.  Based  on  these  we  prepared  maps  of  seismic  hazard  which  is  e.vpressed  as 
Mmax  observed  and  concequently  as  seismic  moments  and  seismic  moment  rates. 
These  maps  effectively  produce  a  brief  atlas  of  seismic  hazard. 


The  well  known  statistical  model  of  the  Markov-chains  is  applied  in  South  America 
in  order  to  search  for  a  pattern  of  great  earthquake  recurrence.  The  model  defines  a 
process  in  which  successive  state  occupancies  are  governed  by  the  transition 
probabilities  pij  of  the  Markov  process,  and  are  presented  as  a  transition  matrix  of 
NxN  dimensions.  The  process  (X(t),  t^Oldescribes  the  visits  to  the  stales  and  is  said 
to  be  a  Markov  process.  The  magnitudes  of  earthquakes  are  firstly  defined  as  stales 
and  the  obtained  results  indicate  an  evidence  for  a  homogeneous  behavior  of  the 
model,  which  was  verified  by  the  application  of  the  x’-test.  The  six  predefined  zones 
in  which  the  area  of  South  America  is  divided  are  then  considered  as  states.  Thus  the 
visits  from  zone  to  zone,  which  is  from  state  to  slate,  carry  with  them  the  number  of 
the  zone  in  which  they  occurred.  If  these  visits  are  considered  to  be  earthquake 
occurrences  we  can  inspect  their  migration  between  the  zones  (stales)  and  estimate 
their  genesis  in  a  statistical  way.  through  the  transition  probability.  Attention  is  given 
in  the  zones  where  the  large  earthquakes  with  M>8.0,  in  1906,  1922,  1942  and  I960 
occurred.  A  pattern  is  revealed  which  suggests  a  south  towards  north  migration  of 
large  earthquakes.  The  migration  (visit)  from  zone  to  zone  (from  stale  to  state)  is 
given  through  the  estimated  transition  probabilities. 


FROM  QUANTITATIVE  SEISMIC  ZONING  TO  THE  DEFINI¬ 
TION  OF  CORRELATION  RELATIONS  BETWEEN  GROUND 
MOTION  PARAMETERS  AND  MACROSEISMIC  INTENSITIES 

Vaccari  F.  (1,2),  Cazzaro  R.  (1)  and  Panza  G.F.  (1,3) 

(1)  Dipartimento  di  Scienze  della  Terra,  University  of  Trieste,  via  Weiss,  1,  Tri¬ 
este,  Italy,  (2)  CNR-GNDT,  via  Nizza,  128,  Roma,  Italy,  (3)  The  Abdus  Salam 
International  Centre  of  Theoretical  Physi^,  SAND  Groupl  Trieste,  Italy. 

A  deterministic  procedure  for  seismic  hazard  assessment  has  been  developed  at 
the  University  of  Trieste,  Dept,  of  Earth  Sciences,  in  the  framework  of  the  activ¬ 
ities  of  the  Gruppo  Nazionale  per  la  Difesa  dai  Terremoti.  Using  the  available 
information  about  regional  structural  models,  past  seismicity,  and  the  seis- 
motectonic  regime  of  the  studied  area  we  generate  by  the  modal  summation 
technique  a  set  of  synthetic  seismograms  covering  the  territory  on  a  0.2°  x  0.2° 
grid.  The  procedure  has  been  recently  applied  in  the  Circumpannonian  and  Di- 
naric  region,  and  in  Algeria.  Peak  values  of  ground  motion  (displacement  and 
velocities)  and  Design  Ground  Acceleration  based  on  design  spectra  extracted 
from  the  synthetic  signals,  can  be  compared  with  observed  macroseismic  inten¬ 
sities  wherever  reliable  intensity  maps  are  available.  This  is  the  case  of  Italy: 
the  correlation  relations  that  we  have  obtained  are  in  a  good  agreement  with 
empirical  relationships  given  by  other  authors  and  compare  quite  well  with  the 
few  observations  available  in  the  Italian  territory. 


A  HOMOGENEOUS  NURKOV  MODEL  AS  A  PATTERN  FOR 
EARTHQUAKE  RECURRENCE  IN  SOUTH  AMERICA 

T.  M.  Tsapanos 

Aristotle  University  of  Thessaloniki.  Geophysical  Laboratory,  54006 
Thessaloniki,  Greece 
E-mail:  t5apanos@geo.au1h.gr 
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B-VALCSS  FOR  SSTIXATING  RECURRSSCE  TIM2S:  XVBFAQS  OR  ASPERITY  VAL:J2S? 

Staflus  wlaxerl  msii  Xtx  wysaS 

isalasaolssY  k  Voleanelogy  Roa.  Dept.,  Keteorsl.  Rea.  Int;.,  Neganine, 
Tau'iCibe  30S,  Japan.  Bce£an9irrl-jaa.go. jp  2  Oeophya.  Inst.,  Cr.iv.  of  Alaska 
Fairbanks,  AX,  t7SA.,  tcax9gl8aia.alaaka.edu. 

7h«  l9-vaV.ie  varies  acrongly  or.  acalea  of  a  few  kilometers  in  iceat 
aeisnogenic  vol-unea  we  have  napped  ao  far  by  the  gridding  teehnlqua.  This 
la  r.st  unexpected  ba>cauae  the  crust  is  hetereganeeus  in  aaterial 
properties  and  in  stress  levsl.  one  should  expect  the  aean  magnitude,  or 
mean  ruptxire  length,  to  vary  from  volxime  to  volune.  These  variations  ara 
reflected  by  the  change  of  b-value,  which  la  inversely  prepor~tlor.al  to 
ctaan  magnitude.  Along  aegmenea  of  the  San  Andreas  and  the  Calaveras 
faults,  we  have  fs'und  that  ansnaloualy  low  b-valuea  of  C.S  correlate  with 
asperities  and  ar..cmalously  high  b'Values  of  1.3  with  creeping  aegmenta  of 
the  fault.  Therefore,  we  hypothesize  that  seismogenle  volumes  with 
anomalously  high  b-values  may  not  be  able  tc  generate  major  earthguakea; 
they  nay  only  participate  relatively  paaalvely  in  major  ruptures  of 
neighboring  asperities  sharacterizad  by  low  b**valuas.  Along  the  San 
Andreas  fault,  ws  find  that  the  recurrence  time  Is  overestimated  by  three 
orders  of  xagnitude  if  it  is  based  on  the  fregfuency^magnltude  relation. 

(FMD)  of  the  creeping  portion,  by  a  factor  of  four,  if  it  ie  aatixased  from 
the  average  and  it  is  estimated  eorreotly  from  the  Fhd  within  the 
asperity  only.  We  propose  that  the  portions  of  a  fault  outside  the 
asperities  dt  net  contain -information  on  when  rupture  may  occur,  be-cauae 
this  is  controlled  by  the  asperity  exclusively.  If  oux  ideas  are  correct, 
then  rerur-rence  time  calculations  based  on  FtlDs  should  be  revised  to 
include  asperities  only. 


NH3  Earthquake  risk  mitigation  (joint  with  SE) 

02  Seismic  hazard  evaluation  in  high  seismicity 
areas  by  observing  precursory  phenomena 

Convener:  Contadakis,  M.E. 

Co-Convener:  Zschau,  J. 


Sponsorship:  Department  of  Surveying  and  Geodesy,  University  of 
Thessaloniki,  GeoForschungsZentrum  Potsdam 


AN  "BOUNDARY  DILATANCY  LAYERS"  AND  THEIR 
INFLUENCE  ON  THE  RELATION  BETWEEN  GEOPHYSICAL 
ANOMALIES-PRECURSORS  OF  DIFFERENT  NATURE 

A.  S.  Alekseev 

Institute  of  Computational  Mathematics  and  Mathematical  Geophysics, 
Siberian  Branch  of  RAS,  Novosibirsk,  630090,  Russia. 
aleks0s3cc.ru/Fax:  [7]  3832  32  42  59 

The  space-time  variations  of  anomalies  of  geophysical  fields  (stress  and  strain 
fields,  the  gravitational  field;  distribution  of  the  electrical  resistance,  the  ground 
water  level,  etc.)  in  formation  of  sources  of  future  earthquakes  can  be  recorded 
using  dense  geophysical  multidisciplinary  observation  networks.  These  anoma¬ 
lies  appear  at  distances  of  up  to  200-300  km.  Their  behaviour  is  very  unsta¬ 
ble.  There  arise  some  questions  associated  with  elucidation  of  the  formation 
mechanisms  of  these  atibmalies.  Some  of  these  questions  are  discussed  within 
the  framework  of  the  hypothesis  for  dilatancy  of  the  near-surface  layer  of  the 
Earth *s  crust.  It  has  been  established  by  mathematical  simulation.  The  forma¬ 
tion  of  ’’conjugate"  anomalies  of  geophysical  fields  in  zones  of  "surface  dila¬ 
tancy"  and  the  corresponding  direct  and  inverse  multidisciplinary  problems  of 
mathematical  simulation  of  the  anomalies  are  considered. 


VRANCEA  REGION-  RUMANIA 
MARIA  ZORAN 

Institute  of  Atomic  Physics,  Institute  of  Optoelectronics, 

Bucharest  -  Magurele,  Atomistilor  1,  PO  Box  MG  22,  Romania,  76900 

The  aim  of  this  paper  is  to  present  an  integrated  data  system  based  on 
satellite  remote  sensing  .  geotectonic,  “in-sttu”  monitoring  data  for  seismic 
risk  analysis  which  estimates  the  geographic  distribution,  frequency,  and 
intensity  of  seismic  activity,  without  attempting  to  predict  specific 
events.Remote  sensing  and  field  studies  of  active  faults  can  provide  a 
geologic  history  that  overcomes  many  of  the  shortcomings  of  instrumental 
and  historic  records.  The  majority  of  strong  Romanian  earthquakes  has  the 
origin  in  Vrancea  region,  a  distinctive  active  zone  of  the  Alpine  erogenic  belt 
placed  at  the  Eastern  Carpathians  Arc  Bend  with  extensive  macroseismic 
area.GlS/LIS  technologies  are  very  useful  for  a  more  powerful  analysis  and 
decision  support  tools. 


A  NEW  APPROACH  TO  USING  THE  DATA  OF 
ELECTROMAGNETIC  MONITORING  OF  EARTHQUAKES 
AT  THE  TERRITORY  OF  CHINA 

A- S.  Alekseev  (1),  A.  V.  Avdeev  (H.  E.V.Goruynov  (1)  and  V.V.Skazka  (2) 
(1)  Institute  of  Computational  Mathematics  and  Mathematical  Geophysics, 
Novosibirsk,  Russia,  (2)  Sobolev  Institute  of  Mathematics,  Novosibirsk,  Russia 
avdeev®omzg.sscc.ru,  avdeev@comcen. nsk.su/Fax:  -|•007-3832-324259 

Seismologists  in  different  seismically  active  regions  of  the  Earth  use,  as  a  rule, 
the  whole  set  of  geophysical  methods  taking  into  account  the  complex 
character  of  seismicity  processes.  It  is  well  known  that  anomalous  changes  of 
different  geophysical  fields  taking  place  before  many  strong  earthquakes  can 
apparently  be  considered  as  precursors  of  earthquakes.  However,  in  a  large  set 
of  such  precursors  there  are  always  contradictory  data  about  the  po^ibility  of 
an  earthquake  and  its  parameters.  One  significant  limitation  of  available 
prediction  algorithms  based  on  studying  the  development  of  anomalies  of 
various  nature  is  basically  the  statistical  character  of  these  algorithms.  They 
practically  do  not  take  into  account  the  quantitative  characteristics  of  the 
physical  process  of  earthquake  preparation  itself.  An  attempt  is  made  to  use 
the  data  of  monitoring  of  electromagnetic  precursors  of  earthquakes  made 
available  to  us  by  Chinese  specialists  for  reconstructing  the  time  dynamics  of 
some  characteristics  of  the  medium  in  the  regions  under  observation.  The 
analysis  of  real  data  has  shown  that  effective  parameters  of  cracking  can  be 
reconstructed  within  the  framework  of  the  Archies  law  with  some  certainty. 

In  any  case,  the  obtained  estimates  of  the  effective  parameters  associated 
with  the  cracking  of  the  medium  correlate  well  with  the  time  of  earthquakes. 
(The  research  was  supported  by  RFBR  under  grant  96-05-66058.) 


THE  EARTH’S  CRUST  DEFORMATIONS  MONITORING  ON 
KAMCHATKA. 

VUory  F.  Bakhtiarov  (1),  Vasily  E.  Levin  (1)  and  Minoru  Kasahara  (2) 

(1)  Institute  of  Volcanology,  Piip  a.  9,  Pelropavlovsk-Kamchatsky,  683006  RUS¬ 
SIA,  (2)  Hokkaido  University,  NIO,  W8,  Kita-ku,  Sapporo,  060,  JAPAN. 
■kaaaOeos.bokudai.ae.  jp/Fax:  [Oll-Tj  41522-54723 

The  Kamchatka  Peninsula  is  located  at  the  junction  of  the  Aleutian  and  the 
Kurile-Kamebatka  island  arcs.  This  region  is  characterized 
by  high  volcanic  and  seismic  activity.  Geodetic  monitoring  of  Petropavlovsk- 
Kamchatsky  and  it’s  vicinity  by  laser  distance  measurement,  strainmeter  and 
tiltmeter  had  been  made  since  1978  year.  Observations  are  carried  out  by  one- 
wave  and  two-wave  electronic  distance  measurements,  borehole  strainmeter 
and  tiltmeter.  The  main  results  obtained  from  1978  are  as  follows:  -  elastic 
anisotropic  deformations  about  3  ppm  were  observed;  •  measured  deformations 
were  revealed  to  be  interrelated  with  both  earthquakes  and  volcano  eruptions; 
-  trends  of  line  lengths  with  velocity  of  about  0.03-0.2  ppm/year  were  detected; 

•  the  Avachinsky  volcano  eruption  of  January  13,  1991  was  accompanied  by 
3  ppm  deformations;  -  deformation  wave  from  Hailino  earthquake  (M=7.0, 
March  8,  1991)  was  registered  at  a  distance  of  1000  km  from  epicenter.  Its 
velocity  and  amplitude  were  40  km/b  and  1  ppm,  correspondingly;  -  coseismic 
deformations  0.8  ppm  and  100  mkr  from  the  Sbikotan  earthquake  (October 
5,  1994  Ms8.0)  were  obtained;  •  the  reactions  of  strain  and  tilt  from  earth¬ 
quakes  of  Sanriku  (29.12.94), Kobe  (17.01.95), Sakhalin  (28.05.95)  were  noticed. 

•  precursor  variation  of  strain  before  Neftegorsk  earthquake  appeared  several 
days  before  and  had  an  amplitude  of  about  3  ppm.  The  observations  by  GPS 
stations  were  started  in  1995.  The  continuously  observations  began  in  summer 
1996.  There  are  8  GPS  stations  on  Kamchatka  now  for  studing  of  Earth’s  Crust 
Deformations  as  precursory  phenomena  before  high  seismicity.  Only  one  strong 
earthquake  (05.12.97,  Mss?.?)  not  far  from  Kronotski  penbula  was  from  sum¬ 
mer  1996.  Any  data  of  GPS  stations  as  a  reaction  from  this  earthquake  will  be 
represented. 
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CUrtKENT  SEiSMIC  HAZARD  ,  ASSESSMENT  BASED  ON 
MULTIPARAMCTEK  MONITORING  OF  LITHOSPllEKE 

S  ,  NnTiAnnl  Snrvry  fnr  Prola^tlon  of  iKo  RapubHo  of  Afinon}*, 

nHvltlHvhrn  vMH\<ilv  A  Vorouon,  Kopuoiio  ot  Armonio  Fox  1 374(2)  15>t  1*00 

(AT&T) 374  (2)  18-68.13  Tcl;  28-28-1 1. 28-68-13 
E-mail:  prcsidnt  @n5sp.yephl.ain,  onice@nssp.am 

Long-standing  Invosilgations  of  pro-,  co-,  post-  and  Inter-  seismic  phenomena  on  the 
territory  of  Armenia,  based  6n  the  multiparameter  monitoring  of  lithosphere  shows  the 
following:  I)  anomalous  geophysical,  geological,  .biophysical  phenomena 
accompanying  the  preparation  ond  realization  of  seismic  events  in  generot  arc  not 
related  to  the  earthquakes,  they  like  the  earthquakes  themselves  are  related  to  tlie 
Fjtnh'.s  eriKl  ilnfnrmatinn  under  the  iiiltnenre  of  regional  foreei  of  th«  alaetle  Slrteesa. 
2)  The  stronger  is  tlie  Earth’s  crust  deformation,  the  greater  is  the  value  of  the 
anrtmnlirt  rtf  tennhvsiral  aenlnoiral.  hinphprlral  nennmpanplno  tho  aoMVi)u<di> 
preparation  and  realization  poecsscs.  3)  In  connection  with  the  Eatrth'a  crust 
helirifhiinily,  ih  Miitsiliiiim  ilnfiirinHlinn  zones  In  general  cue,  may  not  coincide  with 
tho  rupture  aones,  i.e.  with  the  catitqiiake  louicv,  4)  Hie  luiuiiinlio  uf  geophysical, 
geological,  biophysical  plieuoiiicua,  acuiiipuitylng  the  splsmlc  event  preparation  and 
realization  due  to  the  heterogeneity  of  the  Earth's  Crust,  mav  be  observed  at  any 
distance  from  the  rupture  of  zone  (i.e.  from  the  earhquakc  source)  within  the  entire 
regional  field  of  dcfornialions:  Therwith  the  anomalies  of  various  phenomena  In  may 
be  more  Intensive  in  the  zone  which  is  far  from  the  source  titan  In  the  one  which  is 
near  to  it.  In  eontrics  like  Annenia  today  it  is  more  realistic  and  necessary  to  focus  the 
national  effects  on  stage-by-tiage  current  sesmlc  hazard  assessment. 


RESONANT  DISTURBANCES  IN  A  HOMOGENEOUS  ELASTIC 
WAVEGUIDE  AND  EARTHQUAKE  PREDICTION 

L.  Brevdo 

Mathematisches  Institut  A,  Universitat  Stuttgart,  D- 70569  Germany. 
brevdoCiaathematik.unl-atuttgart.de/Fax:  [49]  711  685  5535 
We  show  that  every  homogeneous  elastic  waveguide  is  neutrally  stable  and 
possesses  a  countable  set  of  temporally  resonant  frequencies  {i.j„  €  R.n  €  N}. 
For  each  Wn  in  this  set,  the  response  of  the  waveguide  to  a  spatially  localised 
two-dimensional  (2-D)  oscillatory  forcing,  with  the  time  dependence  e-**^"*, 
grows  In  time  at  least  as  r/t,  for  t  ->  oo.  The  growth  Vt  occurs  in  the  case  of 
a  low-order  resonance.  Also,  for  a  wide  set  of  physically  relevant  waveguides, 
there  exist  resonant  frequencies  Cm  €  R,  for  which  high-order  2-D  resonances 
with  the  growth  occur.  Same  Cm  are  resonant  frequencies  for  a.xisymmetric 
disturbances,  with  the  growth  \/i.  The  analysis  is  based  on  solving  the  linear 
initial-value  problem  for  localised  disturbances  in  the  waveguide  by  means  of  a 
combined  Laplace-Fourier  or  Laplace-Hankel  transform.  The  asymptotic  evalu¬ 
ation  of  the  solution,  when  t  -t  oo,  represented  as  an  inverse  transform  integral, 
is  carried  out  by  analysing  the  spectrum  of  the  waveguide  {(fc,<u)  |  D(k,u)  =  0}, 
for  (k,u)  €  C?.  Here  k  is  a  wavenumber  and  D{k,u)  is  the  dispersion  relation 
function.  Low-order  resonances  occur  for  a  frequency  uo  €  R  for  which  the 
equation  D{k,uo)  =  0  has  a  double  root  ko  €  R  in  k.  In  the  high-order  case 
treated  the  root  is  quadruple.  Algebraically  growing  disturbances  can  play  a 
role  of  a  triggering  mechanism  for  certain  earthquakes.  So  computing  and  ob¬ 
serving  resonant  frequencies  can  lead  to  a  prediction  of  such  earthquakes. 


DETECTING  PRECURSORY  SEISMIC  QUIESCENCE  IN 
GREECE  USING  THE  SEISMOLAP  METHOD 

G.CHOULIARAS  flL  G.STAVRAKAKIS  (1)  and  J.ZSCHAU(2) 

(1)  National  Observatory  of  Athens,  Institute  of  Geodynamics,  Athens, 
Greece,  GFZ Potsdam 

g.choul@egeIados.gein.noa.gr/Fax:+3013426005 

SEISMOLAP  was  introduced  by  Zchau  (1995)  in  order  to  quantify  seismic 
clustering  and  quiescence  at  one  location  with  one  variable.  The  application 
of  SEISMOLAP  to  the  Greek  earthquake  catalog  of  the  Institute  of 
Geodynamics  of  the  National  Observatory  of  Athens  successfully  identified 
precursory  seismicity  quiescence  prior  to  five  catastrophic  earthquakes  that 
occured  in  different  areas  of  Greece  in  the  last  twenty  years  (Chouliaras  et 
al.,  1997).  In  this  study,  fiar  a  better  evaluation  of  the  method,  we  will 
present  a  more  thorough  investigation  by  testing  it  with  a  larger  number  of 
seismic  events  in  order  to  perform  statistical  analysis  on  the  results. 


STUDY  OF  SEISMICITY  IN  GREECE  AND  THE 
ADJACENT  AREAS  BY  THE  SEISMOLAP  METHOD 

C.  Christova .  S.  B.  Nflcolova  and  A.  Venedikov 
Geophysical  Institute,  Bulgarian  Academy  of  Sciences,  1113  Sofia, 
Bulgaria,  cenka@geophys.acad.bg;  venediggeophys.acad.bg'  Fax; 
+359-2700-226 

The  paper  deals  with  space-time  distribution  of  seismicity  in 
Greece  and  tlie  adjacent  areas.  The  applied  SEISMOLAP 
technique  (Zschau)  gives  new  measures  of  seismicity 
(SEISMOLAPl)  and  quiescence  (SEISMOLAP  2).  The 
advantage  of  SEISMOLAP  in  search  for  precursory  information 
is  that  it  considers  both  fi-equency  of  earthquakes  and  their 
distribution  in  time  and  space  relatively  to  a  point  of  investigation. 
A  newly  developed  reference  system  which  allows  statistically 
significant  clustering  and  quiescence  to  be  recognized  is  applied. 
Several  fault  zones  in  the  considered  region  are  investigated  by 
using  various  versions  of  SEISMOLAP. 


RESEARCH  FOR  GEOHYDROLOGICAL  SEISMIC  PRECURSORY  PHENOME¬ 
NA  IN  GREECE 

MJEContadakis,GAsteriadis 

Departemenl  of  Geodesy  and  Surveying,  Thessaloniki  University.Thessaloniki 
54006,  Greece 

kodadaki@vergina.eng.auth.gr/Fax:+30-31-996l22 

Although  reliable  reports  on  pre~,  co-  and  post-seismic  variation  on  hydrologic 
characteristics  of  a  seismic  active  area  were  known  from  the  antiquity  in  Greece,  it 
was  only  the  last  two  decades  that  systematic  research  focused  its  interest  to  this 
potential  method  on  estimating  the  seismic  hazard  These  investigations  are  briefly 
reviewed  and  the  results  are  been  discussed  together  with  the  results  of  the  recent 
research  on  underground  water  level  and  temperature,  which  has  been  undertaken 
by  the  Department  of  the  Geodetic  Astronomy  in  the  area  of  Pieria  in  Macedonia, 
Oreece(22“.6E,40*.2X 

From  this  discussion  it  turns  out  that  underground  water  level  and  temperature 
variations  were  clearly  observed  as  precursory  phenomena  connected  with  major 
earthquakes  as  well  as  as  increased  noise  connected  to  the  local  microseismic 
activity  with  a  probability  75%.  In  view  of  these  results  we  conclude  that,  among 
the  various  methods  of  indirect  monitoring  of  the  tectonic  activity  in  an  area, 
which  in  addition  is  of  very  low  cost,  is  that  of  the  following  up  of  the 
underground  water  level  and  temperature  changes  in  the  area  of  interest  This 
method  is  based  on  the  fact  that  tectonic  activity  result  to  tectonic  stresses 
producing  alterations  to  the  local  water  table  which  in  its  turn  is  observed  as 
variation  to  the  underground  water  level  and  temperature. 


observational  evidences  of  geoelectrical  and 
SEISMOACOUSTIC  SIGNALS  POSSIBLE  RELATED  TO  SEISMIC 
ACTIVITY  ON  SOUTHERN  APENNINE  CHAIN  (ITALY). 

V.  Cuomo  and  G.  Di  Bello  (Dip.  di  Ingegneria  e  Fisica  dcII?Ambiente,  Univcrsit6 
della  Basilicata,  Potenza,  Italy). 

V.  Lapenna  and  S.  PiscitelU  (1st.  di  Metodologie  Avanzate  di  Analisi  Ambientale, 
CNR,  Tito  (PZ),  Italy). 

D.  Patella  (Dip.  di  Geofisica  e  Vulcanologta,  Universit6  di  Napoli,  Italy). 

G.  Paparo  (1st  di  Acustica  "O.M.  Corbino",  CNR,  Roma,  Italy). 

I.  Marson  (Dip.  Ingegneria  Navale,  del  Mare  e  per  l?Ambiente,  Trieste,  Italy). 

The  first  experimental  results  regarding  a  combined  monitoring  of  geoelectric  and 
seismoacoustic  signals  in  a  seismic  area  of  Southern  Italy  are  analyzed.  A  remote 
station  was  installed  north  of  the  town  of  Potenza,  close  to  an  active  fault  system, 
where  many  destructive  earthquakes  occurred  in  past  and  recent  times.  The  goal  is  to 
verify  the  existence  of  correlations  between  geoelectric  and  seismoacoustic  signals  and 
the  local  seismicity.  Preliminary  filtering  procedures  for  the  removal  of  meteo-climatic 
effects  and  noise  fluctuations  of  anthropic  origin  were  applied.  Then,  objective 
methods  were  used  to  discriminate  anomalous  patterns  from  background  noise  in 
electric  and  seismoacoustic  time  series.  Finally,  a  deep  analysis  of  the  possible 
correlations  between  extreme  events  and  incoming  earthquakes  has  been  carried  out. 
The  results  so  far  obtained  encourage  the  prosecution  of  the  research  to  improve  the 
knowledge  on  the  local  geodynamic  processes  that  give  rise  to  precursory  phenomena 
of  electric  and/or  acoustic  nature. 
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PRECURSORY  SWARMS,  QUARMS,  AND  MAINSHOCK 
HAZARD 

F.F.  Evison  (1)  and  D.A.  Rhoades  (2) 

(1)  Institute  of  Geophysics,  Victoria  University  of  Wellington, 
P.O.B0X  600,  Wellington,  New  Zealand,  (2)  Institute  of  Geological  & 
Nuclear  Sciences,  P.O.Box  30-368,  Lower  Hutt,  New  Zealand 
Frank.Evison@vuw.ac.nz/Fax:  +64-4-495  5186 

Systematic  studies  of  the  predictive  relations  between  swarms  and 
mainshocks,  based  on  the  New  Zealand  and  Japan  catalogues,  have 
indicated  that  the  state  of  uniformity  of  the  medium  is  a  factor  in 
seismogenesis,  and  that  the  occurrence  of  swarms  depends  on  high 
fluid  pressure.  An  implication  of  these  developments  is  that,  in  regions 
of  lower  fluid  pressure,  the  swarm  is  replaced  by  the  quarm  (i.e.  quasi¬ 
swarm),  which  is  more  protracted  in  time,  but  is  otherwise  similar,  and 
displays  the  same  predictive  relations.  The  performance  of  these 
precursors  is  being  tested  by  the  methodology  of  hazard  refinement  and 
synoptic  forecasting. 


CRUSTAL  MOVEMENTS  OBSERVED  IN  THE  FOCAL  REGION 
BEFORE  AND  AFTER  THE  1995  HYOGO-KEN  NANBU  EARTH¬ 
QUAKE  (M=7.2) 

K.  Fujimori  (1),  T.  Yamamoto  (2),  S.  Otsuka  (3),  M.  Omura  (4),  Y. 
Tanaka  (1,*)  and  H.  Ishii  (5) 

(1)  Kyoto  Univ.,  (2)  MRI,  JMA,  (3)  Kobe  Gakuin  Univ.,  (4)  Kochi  Women 
Univ.,  (5)  Univ.  Tokyo,  Japan,  (*)  Retired, 
fu j imoriCkugi .kyoto-u .ac.jp 

Continuous  observations  of  crustal  strain,  tilt  and  underground  water  discharge 
have  been  carried  out  at  2  stations  in  Kobe,  Japan,  which  are  located  within  the 
focal  region  of  the  Hyogo-ken  Nanbu  earthquake.  At  the  Rokko-Tsurukabuto 
station,  large  strain  and  height  changes  caused  by  the  earthquake  were  ob¬ 
served.  Short-term  changes  particularly  before  the  earthquake  were  not  de¬ 
tected,  but  a  slow  decrease  of  strain  rates  and  a  relative  upheaval  continued 
for  a  long  time  prior  to  the  earthquake.  After  the  earthquake,  the  Otsuki  fault 
crossing  the  observation  tunnel  started  dislocations  of  a  rate  of0.l-0.2mm/year. 
At  the  Rokko-Takao  station,  large  strain  changes  and  increase  of  discharge  were 
observed  about  3  months  before  the  earthquake,.  At  the  time  of  the  earthquake, 
a  large  strain  step  occurred  and  discharge  increased  by  a  factor  of  about  6.  The 
strain  and  discharge  recovered  to  the  previous  levels  about  4  months  later. 


STRAIN  AND  TILT  CHANGES  OBSERVED  IN  THE  800M 
BOREHOLE  NEAR  THE  NOJIMA  FAULT  IN  AWAJI  ISLAND, 
JAPAN 

K.  Fujimori  (1),  H.  Ishii  (2),  A.  Mukai  (3),  S.  Nakao  (2),  S.  Matsumoto  (2) 
and  Y.  Hirata  (2) 

(1)  Kyoto  Univ.,  (2)  Univ,  Tokyo,  (3)  Nara  Sangyo  Univ.,  Japan, 
f u j imor iCkugi . kyoto-u .ac.jp 

After  the  1995  Hyogo-ken  Nanbu  earthquake  (M=7,2),  3  boreholes,  500,  800 
and  1800  m  deep  were  drilled  into  the  seismic  source  fault.  In  the  bottom  of  the 
800m  borehole,  a  new  multi-component  borehole  instrument  was  installed  on 
May,  1996.  We  observed  a  secular  strain  of  extension  in  the  NE-SW  direction 
and  a  secular  tilt  sinking  toward  the  SW  direction.  The  direction  of  these  strain 
and  tilt  is  the  same  as  the  fault  strike.  The  strain  change  also  showed  undula¬ 
tions  with  periods  of  2-3  months,  with  after-shocks  (M^S)  tending  to  occur  in 
periods  of  extensional  strain.  In  an  experiment  of  high  pressure  water  injection 
into  a  fault  gauge  section  in  the  1800m  borehole,  we  observed  clear  changes  of 
strain  and  tilt  caused  by  the  water  injection.  The  strain  indicated  compression 
as  the  injection  commenced  and  recovered  when  the  injection  closed.  In  addi¬ 
tion  to  these  controlled  experiments,  strain  and  tilt  changes  also  recorded  daily 
variations  reflecting  pore  pressure  change. 


RTL  PROGNOSTIC  PARAMETER:  APPLICATION  TO  THE  STUDY 
OF  SEISMICITY  OF  ITALY 

R.r>i  ninvamhattistll  (1).  Yu.TvUPldll  I2> 

(I)  Istituto  Nazionale  di  G«onsica,  Italy  (2)  Geophysical  Center,  Russia 
tyupkm@wdcb.rssi.ru/rax  +095-930-55-09 

A  prognostic  parameter  of  strong  earthquakes  RTL  have  been  proposed 
some  times  ago  (G.Sobolev,  YaTyupkln,  1996a)  The  idea  of  the  proposed 
approach  is  based  on  the  supposition  that  two  stages  consecutively  follow 
one  another  In  the  focus  of  a  future  earthquake,  l.e.,  the  quiet  stage  and 
the  foreshock  activization  of  seismicity;  In  this  process,  the  quiescence 
almost  always  occurs  during  the  stage  of  accumulation  of  seismic  energy 
in  the  course  of  earthquake  preparation.  The  methodical  Indication  for 
realization  of  algorithm  of  calculation  of  parameter  RTL  was  the 
supposition  that  in  the  immediate  vicinity  of  the  epicenter  of  the  future 
earthquake  the  mentioned  effects  are  the  stronger  the  nearer  is  the 
moment  of  its  occurrence.  The  tentative  retrospective  calculations  of  this 
parameter  by  the  example  of  several  strong  earthquakes  (M>7)  on 
Kamchatka,  In  Caucasus,  in  Greece  produce  satisfactory  results.  In  the 
present  report  the  results  of  RTL  analysis  of  earthquakes  with  M>4.5 
occurred  in  the  Reggio  Emilia  area  (Northern  Italy)  and  disastrous 
earthquakes  occurred  In  the  Central  Italy  on  September  1997  are 
discussed. 


INVESTIGATION  OF  TENSELY-DEFORMED  STATE  IN  HIGH 
SEISMICITY  AREAS  USING  VIBROSEISMIC  SOURCES 

B.M.Glinsky 

Institute  of  Computational  Mathematics  and  Mathematical  Geophysics, 
Siberian  Branch  of  RAS,  Novosibirsk,  630090,  Russia. 
gbm0opg.s8CC.ru/Fax:  [7]  3832  32  42  59 

The  paper  deals  with  the  results  of  the  Russian-Japanese  experiment  of  1995 
on  studying  the  structure  of  vibtoseismic  fields  of  powerful  sources  and  a  con¬ 
nection  between  these  fields  and  the  tensely-deformed  state  of  the  geological 
medium.  Vibrational  seismograms  and  spectra  of  harmonic  signal  were  ob¬ 
tained  on  a  profile  up  to  a  distance  of  320  Icm.  They  contain  information  about 
the  Moho  boundary  and  the  crust  structure  in  the  region  of  the  experiment. 
The  experiment  has  shown  that  changes  in  the  stressed  state  of  the  medium  in 
seismic-prone  zones  can  be  studied  using  variations  of  the  dynamic  character¬ 
istics  of  seismic  waves,  which  pass  from  a  powerful  vibrational  source  through 
the  area  of  earthquake  preparation.  A  concept  of  the  active  vibtoseismic  moni¬ 
toring  system  for  seismic-prone  zones  with  heavy  vibrators  and  distributed  field 
seismic  arrays  is  presented. 


THE  FORECASTING  FEATURE  PREDICTIBILITY  COEFFICIENT 
CONSTRUCTION. 

JCorodLiky 

Carpathian  Branch  ofSubbotin  Institute  of  Geophysics  NASD,  3b,  Naukova  Sir., 
290601.  Lviv,  Ukraine,  E-mail:  va@carp.lviv.ua 
It  is  evident  that  the  relation  between  the  seismical  events  (s.e.)  and  any  of  its 
forecasting  feature  (f.f.)  of  anyone  geophysical  field  can  not  be  simple  because  of 
very  complicated  processes  of  s.e.  evolution  and  the  influence  of  many 
nonseismical  factors  on  the  considered  geophysical  field  as  well.  So  the  time  gap 
between  the  f.f.  manifesting  and  the  s.e.  is  of  rather  wide  range,  as  well  as  there 
are  part  of  s.e.  without  f.f.  and  part  of  manifested  f.f.  without  the  following  s.e. 

The  author  propose  to  evaluate  the  prospectivity  of  f.f.  by  the  help  of  so  called 
forecasting  feature  predictibility  coefficient  k,.  For  the  sake  of  time  of  s.e. 
prediction  the  proposed  coefTicient  has  the  next  construction 

where  N  -  the  complete  number  of  manifested  f.f.  and  s.e.; 

R,=[oz(5T,/T)  k(T/l)  +  l]  [L-k(T)  (5Tj/T)];  R,-0ifR,<0;  R,rR,(8Ti=0); 
oz(5T/T)=0.or.I  if  6Tj/T>lor  elsewhere,  corresponding.  In  abovewritten 
expressions  ST,  -  the  time  error  gap  between  f.f.  manifestation  and  s.e.  T  -  the 
scale  factor,  1  -  scale  factor  corrector;  L  -  level,  depending  of  the  type  of  prediction 
(long-,  middle-term  and  so  on).  k(T),  k(T/l)  have  to  be  determined  according  to 
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ANALYZING  THE  GEOCHEMICAL  INFORMATION  FOR  EARTH¬ 
QUAKE  PREDICTION 

Gulakyan  SZ. ,  Seismogeochemical  and  analytical  Center  of  National 
Survey  for  Seismic  Protection,  Republic  of  Armenia,  ngoc®mooayerphi.am 

This  paper  discusses  the  geochemical  information  for  Earthquake  prediction.  We 
have  a  large  database  of  geochemical  information.  It  includes  many  geochemical 
elements  from  many  stations  during  many  years.  The  first  is  analyzed  the 
homogeneous  dates  (very  important  part  is  that  they  should  had  adequate 
equipments  and  methods  in  time).  The  second  part  is  restoration  of  missing  dates. 
We  use  new  methodology  for  restoration  missing  dates.  For  analyzing  the 
precursors  behavior  we  divided  dates  three  parts  in  time  :  before  Earthquake, 
Earthquake  and  Foreshok,  and  after  Earthquake.  By  correlation  analysis  were 
finded  interesting  results  for  Earthquake  prediction. 


SBUUtC-QUXBSCBNCB  FUCUMOR  OP  lARTHQUARB  ACTXVmBS 
IN  ASWAN  AND  QUIP  OP  AQABA  BBOIONS  AS  ESTXUATBO  BY  THE 
SBISMOLAP  METHOD 

Awad  HtstoupO).  Jecbeo  Ziehig(2)  tad  Wolffiaf  W«1W2) 

(1)  Natioul  Reiearch  luiitot*  of  AitroMny  aod  CMphyiki,  Halwao,  Cairo,  Egypt 

(2)  CMFerschungiZeDCrua  Poudan,  Oamuuiy. 


Od  the  buis  of  tha  ttUtnolap  natbod.  «hkh  b  receatly  iatroduced  by  Prof.  J. 
Zschau  from  tha  GeoForachuagsZaatrum  Poudam,  Garmaay,  tha  aartbquake 
activities  atoog  tha  Katabaha  fault  la  Aswaa  aod  tfca  Gulf  of  Aqaba  radons,  la 
Egypt  are  iavasllgaied  ia  tha  prasaat  study.  Aswaa  earthquake  dau  ware  recorded 
aad  located  by  the  Aiwaa  laleaiatared  satimograpb  aatwork,  which  b  operated  by 
tha  Natiooai  Research  laadnita  of  Astroaony  aod  Gaophysl^  Earthquakes  of  this 
sequeace  of  M  (  which  occurred  duriag  the  period  frem  Decamtwr  1961  to  the 
and  of  1993.  are  classified  into  shallow'  (depth  <  10  ka)  and  deep-  (10  (  depth  (  30 
kffl)  earthquakes  ia  order  to  carry  out  the  present  appliaiiofl  of  the  aeiinolap 
method  oa  three  data  sots  (U,  all-,  shallow'  aod  daep-sebtaic  asa).  The  Gulf  of 
Aqaba  earthquake  caulogue  duriag  the  period  from  IMI  to  1993  b  obuinad  from 
tha  Geophysical  (nstituta  of  IsrtaL  The  applied  method  quantifies  tha  aebmlc 
quicKenca  using  tha  space-lime  vtriaiieaa  of  nlcroseUmioty.  Results  of  the 
present  experiment  demorutratc  that  the  Kabbsha  fault  lone  shows  seismic 
quiescence  for  M  (  3.4  aarthquakai  The  pronounced  anomaly  of  Kalabsha  saquance 
extends  over  a  aaarly  one  year  duratioe  aad  b  aiuted  ia  all  tha  three  data  setL  (r  b 
also  eharactarliad  by  a  smooth  aod  sharp  amplitude  with  tha  deep  earthquake 
sequence  In  eontrut  to,  its  amplitude  b  af  graduaily-fluctuetad  patlara  with  the 
shallow  earthquake  sequanca.  Tte  most  intareitad  feature  of  Kabbiha  aabinicity  u 
that  a  group  of  signincant  earthquakes  not  only  a  single  signiriceai  avaot  tends  to 
succeed  each  quiescence  tnomaly.  la  oontrast,  the  prasaat  application  oa  tha  Gulf 
of  Aqaba  sequence  shows  a  siagla  quiescence  aooouly  of  abMt  one  and  half  year 
duration  of  the  aabmolap  value  before  tha  ooeurrenca  of  August  X  1993 
earthquako  (M  It  b  cbaractariaad  by  a  vary  sharp  decreasing  amplitude  and 
damoruiraces  a  good  example  for  the  aabmk  quiesoeaoa  precursor.  Tbo  above 
mentioned  anomalies  of  Aswaa  and  Gulf  of  Aqste  seUmic  activities  are  obtaiaed 
by  osing  values  of  the  mathod(s  free  paramatan  as  730  end  MO  days,  90  aad  tOO 
km  of  the  time  and  space  window,  respectively.  A  threshold  earthquake  magnitude 
of  2  b  determined  with  tha  both  sequeocea 

Kay  words  Earthquaka  catalogue,  sabmic-quiescanca  and  sabmolap  method. 


A  MODEL  OF  EARTHQUAKE  SEEN  BY  ELECTROMAGNETIC 
OBSERVATION— GASEOUS  EMISSION  FROM  THE  EARTH  AS 
MAIN  SOURCE  OF  PRE-SEISMIC  ELECTROMAGNETIC  PRE¬ 
CURSOR  AND  TRIGGER  OF  FOLLOWED  EARTHQUAKE 

M.  Hata,  I.  Takumi  and  S.  Yabashi 

Nagoya  Institute  of  Technology,  Showa-ku,  Nagoya,  466-8555  Japan. 

Through  observation  of  anomaly  in  environmental  electromagnetic-wave  (EM) 
radiation  at  ELF  band  of  223Hz,  we  have  learned  that  the  precursor  of  vol¬ 
canic  activity  and  earthquake  might  be  owed  to  degassing  from  the  earth  crust. 
(I)  Intermittent  sharp  radiation  of  vertical  magnetic  flux  is  estimated  degassing 
process  that  uplifts  pore  to  pore  from  shelf  to  reservoir  rock.  (2)  Burst-like  hor¬ 
izontal  fiux  radiation  owes  to  gaseous  leakage  from  the  surface  and  often  ended 
to  volcanic  swarm  at  Cape  Shiofuki,Itoh-city, Central  Japan.  (3)  Slow  creeping 
variation  of  vertical  magnetic  flux  was  estimated  gaseous  intrusion  between 
sedimentary  rock  and  shelf,  and  followed  by  small  and  shallow  earthquakes  of 
M2. 7-3.7  within  one  week  at  Usami,  Itoh-city.  (4)  Dynamical  movement  of  the 
radiation  area  along  Sagami  trough  valley  of  the  recent  Odawara  earthquake 
was  caught  by  direction  finding  of  received  anomalous  signal.  (5)  Sub-second 
change  in  intermittent  radiation,  quick  area  transferability  and  radiation  from 
sea  surface  indicate  gas-phase.  (6)  At  the  instance  touch  to  the  air  the  reduc¬ 
ing  gas  is  quickly  oxidized  and  produces  neutralized  current  for  radiation.  (7) 
Pressure  exerted  by  gaseous  movement  produces  conductivity  variation  and 
resulting  earth  current  change.  (8)  The  degassing  makes  rock  fracture  widen, 
weaken  and  covered  with  clay  and  might  end  to  trigger  fault  slipping. 


THE  GEOCHE^^CAL  VARIATIONS  CONNECTED  WITH  THE  SPITAK 
EARTHQUAKE,  ARMENIA 

V.  Igoumnov  and  Z.  Stepanian 

National  Survey  for  Seismic  Protection,  Yerevan,  Republic  of  Armenia 

The  following  geochemical  variations  in  mineral  waters  of  Armenia  were 
revealed  before  and  after  the  Spitak  earthquake. 

1.  The  annual  cycles  of  dissolved  helium  with  a  maximum  value  in  summer  and  a 
minimum  value  in  winter  had  disappeared  two  years  before  the  earthquake. 

2.  Approximately  two  years  before  the  earthquake  the  geochemical  precursor,  that 
we  called  as  "geochemical  quiescence"  was  found.  To  the  moment  of  the  main 
shock  the  dispersion  of  macrocomponent  mean  contents  (HC03,  Cl,  S04,  Na,  Ca) 
and  pH  have  decreased,  while  the  monthly  mean  contents  remained  stable  up. 

3.  Approximately  forty  days  before  the  earthquake  in  gas  composition  the  helium 
precursor  variation,  that  we  called  as  "phase  transformation"  was  settled.  Several 
periods  of  the  spontaneous  helium  increase  together  with  the  decrease  of  dissolved 
one  and  vice  versa  with  the  average  content  of  helium  remaining  almost  unchanged 
were  stated. 

4.  Two  days  before  the  main  shock  the  helium  daily  variations  had  disappeared. 

5.  Immediately  afler  the  main  shock  mean  contents  of  a  majority  of  macrocompo¬ 
nents  and  helium  had  decreased,  white  the  dispersion  became  greater. 


Anomalous  Preseismlc  Strain  and  TUt  preceding  Earthquake  Swarm  off  Izu 
Peninsula  In  Japan.—  Result  observed  by  Multi-component  Borehole  Instruments 


Hiroshi  ISHTI  E.R.I.the  Universi^  of  Tokyo.  Earthquake  Research  Institute.the 
University  of  Tokyo,  ishii@eri.u-tol^o.ac.jp 

Earthquake  swarm  happened  off  Izu  peninsula  about  60  km  southwest  of  Tokyo  in 
Japan  from  March  3rd  1997.  The  total  num^r  of  earthquakes  reached  to  more  than 
10,000.  The  maximum  earthquake  was  magnitude  5.7  and  the  activities  continued 
about  two  weeks.  Our  Izu  borehole  observation  station  is  located  almost  above  the 
earthquake  swarm  source  region  and  have  a  muti-component  borehole  instrument  that 
can  record  3  components  of  strain,  two  components  of  tilt,  3  components  of 
acceleration,  temperature  eqipping  with  gyro  installed  in  150m  depth  borehole.  The 
instrument  recorded  anomalous  variations  of  both  strain  and  tilt  prior  to  the  begining 
of  the  earthquake  swarm  and  an  earthquake  with  magnitude  5.0.  The  precursory  tilt 
started  half  a  day  before  the  begining  of  the  swarm  activity.  The  variation  is  related  to 
tectonic  stress  of  northeast  to  southwest  tension  applied  to  this  region.  The  coseismic 
variation  reached  to  5xl0**-5  for  both  strain  and  Ult  ,and  the  data  indicated  strain 
extension  and  tilt  down.  The  detailed  analysis  will  be  reported  in  comparison  with 
other  observation.  We  will  also  demonstrate  a  comparison  with  other  seismic  swarms 
occuring  in  this  area  in  different  period. 


SEISMOGRAVITATIONAL  PULSATIONS  AS  POSSIBLE  PRE¬ 
CURSORY  PHENOMENON 
V.  V,  Karpinsky,  L.  N.  Petrova  and  Ye.  G.  Orlov 

Institute  of  Physics  of  the  St. Petersburg  University,  Ul’anovskaya  str.,  1, 
Petrodvoretz,  St. Petersburg.  198904,  Russia. 
karpOsQoopy.phy 3. spbu.ru/Fax:  [-1-7]  812  4287240 

Phenomenon  of  the  sharp  increasing  of  the  amplitude  of  the  Earth’s  seismo- 
gravitational  oscillations  (period  range  0.5-5  hours)  with  duration  of  5-20  hours 
was  called  the  Seismogravitational  Pulsations  (SGP).  These  phenomena  is  ob¬ 
served  several  days  before  strong  earthquakes  (magnitude  >  6.5).  The  rela¬ 
tionship  between  the  SGP  and  earthquake  center  process  have  been  revealed. 
Generally  SGP,  observed  in  St.Petersburg  (Russia),  preceded  the  earthquakes 
around  Eurasian  mainland.  The  SGP  preceded  the  very  destroying  earthquake 
near  Sakhalin  Island  (May,  27,  1995).  The  azimuth  of  the  SGP  full  horizon¬ 
tal  vector  and  direction  from  observation  point  towards  the  epicenter  of  the 
earthquake  are  the  same. 

The  research  was  supported  by  the  Russian  Foundation  of  Fundamental  Re¬ 
search,  project  97-05-64185. 
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THE  SURVEY  OF  ANTROPOGENIC  AND  GEOPHYSICAL 
ELECTROMAGNETIC  PERTURBATION  BY  USE  THE  MICRO 
SATELLITE  INTEGRATED  IN  THE  ISS  INFRASTRUCTURE. 
S.Klimov  (1),  O.Grygorian  (2),  J.Juchniewicz  (3),  V.Korepanov  (4), 
Yu.Lissakov  (I),  M.Parrot  (5),  O.Pokhotelov  (6),  V.Rodin  (1)  and 
A.Chemjavski  (7) 

(1)  Space  Research  Institute,  117810,  Ptofsojusnaia  st.,  84/32,  Moscow,  Russia, 

(2)  Moscow  University,  2-INP,  Moscow,  Russia,  (3)  SRC/PAS,Warsaw,Poland, 
(4)  LC  ISR,  Lviv,  Ukraine,  (5)  CESR/CNRS,  Toulouse,  Rrance,  (6)  lUPE, 
Moscow,  Russia,  (7)  RKK  ENERGIJA,Korolev,Russia. 

The  main  goal  of  the  scientific  experiment  onboard  the  electromagnetic  clean 
micro-satellite  (EMCS)  and  ISS  station  is  to  study  the  electromagnetic  dis¬ 
turbances  in  the  ionosphere  due  to  anthropogenic  activities  and  natural  geo 
physical  phenomena,  particualy  earthquakes  and  volcanic  eruptions.  Most  of 
previous  experiments  have  been  performed  at  heights  above  800  km.  The  EMCS 
satellite  provides  the  unique  oppotunity  to  carry  out  regular  observations  at 
much  lower  heights,  about  400  km,  in  the  F-layer.  In  order  to  reduce  influences 
of  the  EMCS  on  the  ambient  environment  its  power  consumption  is  limited 
to  25-30  W  and  the  onboard  systems  of  the  ISS  are  partly  used  for  the  data 
acquisition  and  transmission. 


COMPARATIVE  ANALYSIS  OF  TECHNIQUES  USED  FOR 
EARTHQUAKE  ELECTROMAGNETIC  PRECURSORS  STUDY 

V.  Koreoanov.  F.  Doudkin 

Lviv  Centre  of  Institute  of  Space  Research,  Ukraine 

vakor@isr.lviv.ua 

The  existence  of  electromagnetic  (EM)  precursors  of  geological  hazards  is  widely 
accepted  now.  Obviously,  there  are  many  problems  connected  both  with  the 
diversity  of  such  precursors  in  dependence  on  the  local  geological  structure  and 
their  low  level  in  comparison  with  the  surrounding  EM  noises  and  interference.  All 
these  Actors  make  the  reliable  extraction  of  corresponding  precursors  rather 
difficult.  Up  to  now  if  do  not  consider  some  controversial  communications  these 
precursors  are  observed  mainiy  after  the  event,  processing  the  observation  data.  The 
aim  of  present  study  is  the  comparison  of  different  methodologies  of  ground  based 
EM  measurements  and  data  processing  for  the  extraction  of  earthquake  precursors. 
Many  works  are  known  devoted  to  different  types  of  electromagnetic  precursors 
study  and  because  their  reiationship  to  the  seismic  activity  b  highly  dependent  on 
local  crust  structure  it  is  difficult  to  propose  the  reliability  criterion  from  all  these 
methods.  That  is  why  for  the  moment  only  foliowing  methods  are  analyzed: 
tectonomagnetic  survey,  EM  emission  study  and  extremely  low  frequency  (ELF) 
active  sounding.  The  expected  signal  -  to  -  noise  ratios  and  convenience  of 
experimental  realization  are  the  comparison  base.  It  is  shown  the  advantages  of  the 
last  method  -  ELF  active  sounding  -  from  every  point  of  view  and  corresponding 
calculations  are  presented. 


SIGNALS  OF  SYNCHRONIZATION  AS  PROBABLE  PRECURSORS  OF 
STRONG  EARTHQUAKES. 

Alexey  A  Lvubushin 

Joint  Institute  of  the  Physics  of  the  Earth,  Moscow,  Russia. 

E-mail:  lyubush@chronos.uipe.rssi.ni,  also:  lubusliin@sirius.niitp.Tssi.ru 

It  is  widely  known  that  increasing  of  collective  behavior  of  constitutive  parts  of 
some  system  and  enlarging  of  spatial  radius  of  fluctuations  of  its  parameters  could 
be  regarded  as  an  important  precursor  of  oncoming  catastrophe,  abrupt  change  of 
system's  parameters  values.  From  that  point  of  view  detection  of  signal  of 
^chronization  of  various  geophysical  parameters,  measured  in  points  of  some 
network,  covering  a  rather  big  area  of  Earth  crust,  is  of  considerable  interest  for 
searching  new  precursors  of  geocatastiophes,  including  strong  earthquakes. 

A  methodics  for  detection  of  a  signal  of  synchronization  in  multidimensional 
time  series  data  flow  is  presenting.  It  is  based  on  estimating  of  response  functions, 
eigenvalues  of  spectral  matrices  and  canonical  coherences  in  moving  time 
windows  and  extracting  aggregated  signals  (such  scalar  signal,  which  accumulates 
in  its  own  variations  only  those  spectral  components,  which  ate  presented 
simultaneously  in  each  scalar  time  series). 

Examples  of  using  this  technique  to  processing  of  teal  geophysical  time  series 
are  presented. 


Structure  functions  in  geophysical  flows 

O.  Ben  Mahioub  and  J.M.  Redondo 

Dept.  Fisica  Aplicada,  Univ.  Politecnica  de  Catalunya, 

Campus  Nord  Bo,  Barcelona  08034,  Spain 

Extended  self-similarity  (ESS)  (Benri  et  al.  1995)  is  used  to  analyse  lab¬ 
oratory  and  field  data  of  grid  generated  turbulence  and  surface  wave  gener¬ 
ated  turbulence.  The  experiments  use  velocity  point  measurements  obteined 
from  sonic  velocimeter  SONTEK3-D,  Hot-Film  or  2D-electromagnetic  cur¬ 
rent  meters  measured  in  the  surf  zone. 

We  obtain  good  scaling  at  moderate  Reynolds  numbers  using  the  relative 
scaling  exponents  (j,  =  5a  up  to  8th  order,  some  experiments  show  that  the 
exponents  are  the  same  and  they  do  not  depend  on  the  Reynolsd  numbers 
Re,  they  are  also  different  from  the  scaling  p/3  of  Kolmogorov’s  theory 
(K41). 

We  use  the  Babiano-Dubrulle-Frick  model  (1997)  for  nonhomogeneous 
and  nonstationary  turbulence,  using  ESS,  to  measure  the  relative  scaling 
exponents  even  in  nonhomogeneous  flow.  The  turbulence  is  not  uniformly 
dbtributed  in  the  flow,  there  are  regions  with  mote  intense  turbulence,  mote 
intermittent,  and  regions  with  less  intermittency,  these  may  be  identified  by 
the  values  of  Cp  ■ 

A.  Babiano,  B.  Dubtulle.  and  P.  Frick,  1997.  Some  properties  of  two- 
dimensional  inverse  energy  cascade  dynamics.  Phys.  Rev.  E.  55(3):  2693- 
2706. 

R.  Benzi,  S.  Ciliberto,  C.  Baudet,  G.  R.  Chavarria,  1995.  On  the  scaling 
of  three-dimentional  homogeneous  and  isotropic  turbulence,  Physica  D.,  80: 
385-398. 


CRUSTAL  DEFORMATION  STUDY  OF  JAPAN  BY  UTILIZING 
GSrS  DENSE  GPS  ARRAY. 

Shin-ichi  Miyazaki  (1),  Hiroshi  Yarai  (1)  and  Manabu  Hashimoto  (2) 

(1)  Geographical  Survey  Institute,  Kitasato  1,  Tsukuba,  Ibaraki  305  JAPAN, 

(2)  Disaster  Prevention  Research  Institute,  Kyoto  University,  Gokasho,  Uji, 
Kyoto  611  JAPAN. 

miyazakiOgsi-ac.go.  jp/Fax:  [81]  298-64-6864 

Geographical  Survey  Institute  (GSI)  of  Japan  has  been  constructing  its  na¬ 
tionwide  permanent  GPS  array  since  1994.  Its  results  on  crustal  velocity  field 
shows  that  Japan  is  located  on  plate  boundary  region;  the  north-east  Japan 
belongs  to  the  Okhotsuk  plate,  and  the  south-west  Japan  does  to  the  Eurasian 
plate.  Moreover,  the  velocity  field  suggests  that  Japan  consists  of  several  tec¬ 
tonic  blocks.  Miyazaki  et  al.  (1996)  reported  an  inversion  study  for  a  kinematic 
block-fault  model  of  the  Japanese  Islands  based  on  a  velocity  field  obtained 
by  120  GPS  sites  of  the  Geographical  Survey  Institute.  After  their  study,  the 
number  of  the  GSI’s  GPS  stations  increased  to  610  from  April,  1996.  Yarai 
et  al.  (1997)  performed  the  same  inversion  study  but  modified  the  model  of 
Miyazaki  et  al.  (1996)  using  dense  GPS  data  from  April,  1996  to  Match,  1997. 
In  this  study,  we  estimate  seismic  moment  and  occurence  periods  of  large  earth¬ 
quakes  by  assuming  that  magnitudes  of  future  earthquakes  will  be  the  average 
of  historical  earthquakes.  Our  results,  for  example,  suggest  that  the  occurence 
periods  on  Nankai  Trough  is  80  -  120  years,  and  that  in  the  eastern  margin  of 
the  Japan  Sea  is  about  200  -  400  years. 


CASCADE  EARTHQUAKES  IN  ALBANU 
Abstract 

Betim  MU90,  Seismological  Institute,  Tirana,  Albania 


A  complex  web  of  active  faults  is  distributed  throughout  all  the 
territory  of  Albania  The  intersection  of  the  northwest-trending  Adriatic 
and  Ionian  longitudinal  fault  system  and  northeast-trending  shear  fault 
systems,  dominates  Albanian  tectonics  and  gives  rise  to  recent  seismic 
activity  backed  mostly  by  the  confrontation  between  Adria  microplate 
and  Albanian  orogen. 

Sometimes,  activation  of  some  active  fault  produces  the 
earthquake  activity  in  a  neighbour  one  and  this  process  could  continue 
as  a  cascade  through  other  faults.  This  may  cause  the  migration  of 
seismic  activity  from  one  system  of  faults  to  another  and  sometimes 
could  lead  to  wrong  deduction  about  the  proper  fault  responsible  for  an 
earthquake. 

Based  on  the  available  data  from  the  records  of  Albanian 
Seismological  Network,  since  1976,  some  cases  of  the  so-called  cascade 
earthquakes  for  Albania  are  evidenced  in  this  approach  trying  to  explain 
also  their  mechanism. 
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PARAMETRIC  SEISMOGEOACOUSTIC  MONITORING  OF 
SEISMOTECTONIC  PROCESSES  AND  EARTHQUAKE 
PREDICTION  IN  THE  UKRAINIAN  TRANSCARPATHIANS. 
A.V.Nazarevych,  L.Ye.Nazarevych  (Carpathian  Branth  of  Subbotin 
Institute  of  geophysics  of  NASU,  Naukova  str.  3-B,  290601,  LViv, 
UKRAINE). 

Spatial-temporal  monitoring  of  nonlinear-elastic  and  parametric 
tensoeffects  in  rocks  have  been  used  for  long  for  seismoprognostic 
investigations  in  the  Ukrainian  Tianscarpathians;  it  is  an  efficient 
indicator  of  the  rock  stressed-strained  state  variations.  Combinations 
of  techniques  for  point  investigation  held  at  the  network  of  points 
and  vibrosoundings  makes  it  possible  to  detect  repons  of  stimulated 
seismotectonic  processes  and  registrate  direst  seismogeoacoustic 
precursors  of  local  earthquakes  (creep  movements,  tensovariational 
anomalies  and  ‘storms').  Complex  interpreution  of  the  data 
obtained,  as  well  as  the  data  based  on  other  geophysical  techniques 
provide  monitoring  of  earthquake  preparation,  determination  of  a 
scenario,  interpretation  of  mechanisms  and,  thus,  determination  of 
seismic  danger. 


Radon-exhalation  dynamics  for  predicting  tectonic  earthquakes 

y.  Outkin  (I).  A.  Yurkov  (1),  S.  Krivasheev  (2).  Chi-Yu  King  (3) 

(1)  Inst,  of  Geophysics  Ural's  Branch  RAS,  Jekaterinburg,  Russia,  e-mail; 
outkin@igeoph.mplik.ni/Fax:  007  3432  678872,  (2)  Moscow’s  Eng.-Phys.Inst, 
Moscow,  Russia;  (3)  Univ.  of  Tokyo,  Tokyo.  Japan 

Radon  exhalation  in  deep  mines  has  previously  been  found  to  show  the  following 
zonal  distribution  before  mine  burts:  A  radon  decrease  by  factor  of  3  to  4  in  a  zone 
of  compression  in  the  vicinity  of  the  burst  and  a  radon  increase  by  a  factor  of  8  to 
10  in  zone  of  extention  at  larger  distances.  A  burst  event  usually  occur  shortly  after 
the  maximum  radon  change.  In  the  present  study  we  have  checked  whether  a 
unique  set  of  soil-air  radon<oncentration  data  recorded  on  San-Andreas  fault  in 
Caifomia  (Chi-Yu  King)  show  similar  patterns.  Our  result  shows  similar  zones  of 
compression  (radon  decrease),  extension  (radon  increase),  and  no  change  for  25 
tectonic  earthquakes  of  magnitude  4  and  5,  which  are  always  located  subsequently 
in  a  zone  compression.  The  zone  of  compression  has  a  dimension  of  about  25  km 
for  an  earthquake  of  magnitude  4,  and  50  km  for  magnitude  5.  The  zones  of 
extention  usually  have  a  dimension  of  more  than  100  km.  The  radon  values  usually 
begin  to  show  significant  changes  less  then  3  to  4  months  before  the  corresponding 
seismic  events,  with  maximum  changes  occurring  about  1  to  2  weeks  before  the 
events.  However  such  a  pattern  may  be  disturbed  by  the  occurrence  of  forshockes, 
which  may  cause  additional  radon  changes.  The  dynamics  of  radon  exhalation,  if 
properly  monitored  and  analyzed,  may  be  useful  for  predicting  earthquakes. 


A  "nME  CLUSTERING  OF  STRONG  EARTHQUAKES  IN  GREECE 
DURING  OCTOBER-NOVEMBER  1997 

G,  Papadopaulos  and  G.  Drakatos 

Institute  of  Ceodynamics,  National  Observatory  of  Athens,  11810  Athens, 
Greece,  g.papad®egeIados.geianoagr 

During  October-November  1997  an  anomalously  high  seismicity  rate  was 
observed  in  Greece  and  adjacent  regions  with  seven  main  shocks  of  M, 
ranging  frorn  5.1  to  6.6.  By  adopting  the  random  distribution  we  prove  that 
the  high  seismicity  episode  cannot  be  attributed  to  the  chance.  The 
calculation  of  the  potential  stress-drop  stored  in  each  region  before  the 
respective  earthquake  occurrence  indicates  that  all  the  ruptured  regions 
were  prestrained  near  to  failure.  On  the  basis  of  these  results  we  assume 
that  a  geophysical  mechanism  of  triggering  earthquakes  by  earthquakes 
should  be  responsible  for  the  strong  time  clustering.  Transient  stress 
changes  caused  by  the  triggering  earthquakes  may  play  a  predominant  role 
in  the  initiation  of  the  triggered  earthquake  in  a  prestrained  near  to  failure 
region. 


SUCCESSFUL  PREDICTION  OF  THE  LARGE  18  NOVEMBER  1997 
IONIAN  SEA  EARTHQUAKE 

G.  A.  Papadopoulos 

Institute  of  Geodynamics,  National  Observatory  of  Athens,  11810  Athens, 
Greece,  g.papad@egeIados.geio.noa.gr 

The  M,=6.6  earthquake  of  18  November  1997  that  ruptured  the  Ionian  Sea 
to  the  south  of  Zakynthos  Island  concluded  the  strong  earthquake 
clustering  observed  in  Greece  during  October-November  1997.  A  successful 
prediction  was  issued  before  the  large  shock  on  the  basis  of  the  seismicity 
synchronization  between  the  Corinthos  Gulf  (CG)  and  Ionian  Sea  (IS) 
segments.  It  was  observed  that  during  the  instrumental  era  more  than  20 
shocks  of  M,^5.2  in  CG  were  systematically  followed  by  corresponding  IS 
shocks  of  M,=5.0-6.5  with  a  time  lag  up  to  three  months.  When  the  M,=5.4 
shock  of  5  November  1997  occurred  an  earthquake  prediction  statement 
was  issued  which  reads  as  follows:  "a  strong  earthquake  of  M,=5.8±0.7 
should  be  anticipated  in  the  Ionian  Isl  within  the  next  three  months  from  5 
November  1997  with  a  probability  of  about  8036.  The  area  of  the  next 
earthquake  is  defined  as  37.2 ' -38.8 '  N,  20.0 ' -21.7 '  E".  A  mechanism  of 
earthquake  triggering  is  discussed  in  terms  of  transient  strain  changes 
propagating  from  the  area  of  the  triggering  earthquake  to  the  area  of  the 
triggered  one. 


SEISMIC  HAZARD  MONITORING  WITH  CRETE:  CRETE 
regional  Tectonic  Experiment. 

Erricos  C  Pavlis*.  Stelios  MeTlikas\  A  Karaliotis’,  X  Franlzis’  and  E  Mbartzos’ 

(1)  Joint  Center  for  Earth  System  Techn.  (JCET),  Univ.  of  Maryland  BC  arid  NASA 
Goddard  SEC,  Greenbelt,  MD,  USA;  epavlis@HelmeTt.gsfcjiasa.gov/Fax:+l-301- 
286-1760  (2)  Tech.  Univ.  of  Crete,  Chania,  Greece 

Intense  seismicity  in  this  area  and  complex  gerxlynamic  motions  with  high  rates  of 
tlefofmation  make  Crete  -located  in  the  fotearc  of  the  Hellenic  subduction  zone-  a 
suitable  physical  laboratory  for  seismic  risk  evaluation.  A  base  station  for  the 
CRETE  array  has  been  in  operation  for  several  mooths  now  and  relative  positions  of 
sites  from  previous  GPS  campaigns  have  been  determined  relative  to  it.  A  second 
permanent  site  is  collocated  with  the  tide-gauge  at  the  Naval  Base  of  Souda,  near 
Chania,  monitoring  local  vertical  motions  and  sea-level  variations  to  verify  the  uplift 
rates  inferred  and  rqwiled  by  Lambeck.  There  is  a  plethora  of  competing  underlying 
lithosphere  and  driving  mechanism  models  to  be  vahdaled  thrdugb  observations. 
Inferences  from  the  analysis  of  eardrrprake  focal  mechanisms  arxl  assrrmed  spreading 
vectors  at  midxiceanic  ridges  suffer  from  the  unavoidable  assirmption  of  rigid  plate 
tectonics,  a  rarely  valid  assirmption.  High  seismicity  areas  as  Crete,  exhibit  complex 
local  motions  beyond  the  dominant  thrusting  plate  rate.  Detailed  characterization  of 
such  complex  deformation  requires  a  dense  local  network:  either  a  permanent 
continuously  operating  one,  or  one  re-occupied  at  regular  intervals.  Continuity 
improves  reliability  and  allows  monitoring  of  the  motion  without  any  assumption 
about  its  nature.  3-D  defrrrmation  monitoring  has  rdso  gained  importarKe  since  uplift 
cootaminates  tide-gaugexlelermined  sea-level  variation  signals  -  of  great  interest  in 
studying  the  sea-level  change  record  for  eastern  Meditetraneaa 


PHENOMENA  OF  LEAP-TYPE  ALTERATIONS  REVEALED  BY  SLOPE 
SOUNDING  OF  lONOSPHER 

APogosslan,  Department  of  GeophysicsNSSPArmenia,Yerevan 
arthungnssp.yerphlam 

Long  term  investigations  of  ionosphere  by  slope  sounding  revealed  the 
regularities  of  alteration  of  the  ionosphere  condition  in  seismogenious  zones 
Since  1992,  in  NSSP  observations  are  conducting  by  radio  routes  Norway  - 
Yerevan,  Liberia  -  Yerevan,  Reunion  -  Yerevan  and  Japan  -  Yerevan  of  the 
phase  radio  navigation  system  'Omega'.  Phenomena  of  appearance  of  discrete 
power  levels  in  system  Earth  -  ionosphere  in  the  process  of  earthquakes 
preparation  has  been  discovered  and  is  under  investigation  now.  Phenomena 
displays  as  leaps  of  a  delay  function  of  radiowaves  transmitted  from  great 
disunce.  Such  behavior  of  the  delay  function  can  be  explained  by  discrete  power 
levels  of  energy  eradiating  by  Earth  crust  in  the  seismogenious  zones. 
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THE  NEW  CONCEPTION  OF  EARTHQUAKES  PREDICTION 

S.  A.  Pulinets  (1),  V.  V.  Hegai(l),  K.  A.  Boyarchuk  (2)  and  V.  A.  Alekseev  (3) 

(1)  IZMERAN,  Troitsk,  (2)  General  Physics  Institute,  Moscow,  (3)  TRINITI,  Troitsk, 
pulse@helios.i2miran.troitsk.ni/Fax:  +7-095-3340124 

The  last  strong  unpredicted  earthquakes  at  US,  Japan  and  Italy,  in  most  advanced 
technologically  and  equipped  countries,  have  shown  that  traditional  methods  of 
seismic  prediction  sometimes  fail.  During  the  last  decade  a  lot  of  papers  concerning 
the  electromagnetic  and  plasma  precursors  registered  at  the  ground  level  and  onboard 
the  artificial  satellites  were  repotted  but  they  were  not  supported  by  physical 
explanation,  and  therefore,  were  encountered  with  great  skepticism  and  opposition, 
especially  from  the  side  of  traditional  seismologists.  In  the  present  paper  the  concise 
approach  is  presented,  based  on  physical  foundation;  supported  by  experimental 
results  and  corresponding  estimations,  which,  it  seems,  could  be  followed  by  success 
in  prediction  of  earthquakes  in  the  case  of  its  implementation.  The  proposed 
mechanism  includes:  radon  and  aerosols  emanation  from  the  crust,  ionization  of  gases 
and  aerosols  by  radon,  space  charge  formation  and  generation  of  strong  electric  field 
("1000  V/m)  over  the  anticipated  earthquake  area,  mapping  of  the  near  ground  vertical 
electric  field  into  horizontal  electric  field  in  the  ionosphere.  Joule  heating,  acoustic 
gravity  waves  generation,  plasma  irregularities  formation.  Every  step  of  proposed 
chain  of  physical  processes  is  supported  by  theoretical  estimations  and  they  are 
consistent  with  existing  experimental  results.  It  is  proposed  construction  of  the  new 
global  system  of  seismic  warning,  including  as  ground  based,  so  satellite 
measurements.  It  could  be  easily  implemented  into  existing  seismic  monitoring 
network,  but  its  main  advantage  in  comparison  with  traditional  methods,  that  it  is  able 
to  answer  on  question  "when?",  what  is  inaccessible  in  present 
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Premonitory  activity  before  earthquakes  has  frequently  been  observed  in  Ice¬ 
land,  both  instrumentally  and  historically.  Such  activity,  especially  seismic, 
can  be  devided  into  3  main  categories.  1)  Foreshocks,  i.e.  small  earthquakes 
observed  hours  or  days  before  a  larger  earthquake.  2)  Intense  sequence  of 
earthquakes,  lasting  for  days  or  weeks  preceding  a  larger  earthquake,  where 
the  preceding  sequence  has  a  moment  comparable  with  the  main  earthquake. 
3)  A  large  earthquake  of  magnitude  of  about  7  precedes  somewhat  smaller  but 
catastrophic  earthquakes  in  nearby  areas  within  weeks.  Besides  these  types 
of  premonitory  changes  it  has  frequently  been  observed  in  history  that  large 
events,  earthquakes  and  volcanic  eruptions,  coincide  in  time  over  areas  of  the 
order  of  several  hundred  kilometers.  This  has  been  called  strain  waves.  Besides 
the  seismic  premonitory  changes  comparable  observations  have  been  made  of 
radon,  volumetric  strmn,  and  shear  wave  splitting  changes.  Tentative  models 
will  be  demonstrated  for  explaining  the  above  mentioned  observations. 
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LOCAL  SIGNS  OF  EARTHQUAKE  PREPARING  AND  ITS 
AVAILABILITIES. 

E.V.  Sa.sorova  (  State  Oceanographic  Institute,  6  Kropotkinsky  per., 
Moscow,  1 19838  Russia;  e-mail:  sasor@geoph.ioras.msk.ru) 

B.W.  Levin  (Geoscience  Department,  Russian  Foundation  for  Basic 
Research,  32a  Leninsky  prosp.,  Moscow,  1 17334  Russia;  e-mail: 
levin@rfbr.ru); 

It  is  discussed  some  valid  signs  of  the  earthquake  preparing  for  seis- 
moactive  region.  These  signs  are  connected  with  the  critical  stress  state 
of  the  earth  crust  just  before  the  earthquakes.  They  constimte  the  subset 
of  observed  parameters  and  they  may  be  considered  as  short-term  earth¬ 
quake  precurcors.  It  is  proposed  to  use  as  such  parameters:  the  faint  mo¬ 
difications  of  the  seismic  signal  before  earthqu^es;  variations  of  the 
infrared  radiation  of  the  rock  massif,  the  variations  of  electromagnetic 
fields,  etc.  The  variability  of  these  parameter  are  depended  on  die 
regional  characteristics  (features  of  ffie  enviroiunent,  structure  of  the 
earth  crust,  die  oscillator  size).  Thus  this  subset  may  be  unique  for  each 
region.  The  second  subset  consists  of  parameters  which  have  to  be 
calculated  at  every  point  in  time  (astrometric  data,  the  Earth-Moon 
system  state,  etc).  They  may  increase  an  earthquake  possibility. 


TEMPORAL  VARIATIONS  OF  THE  ATMOSPHERIC  ELECTRIC  FIELD 
AS  AN  EARTHQUAKE  PRECURSOR 

V.  Siruminskv  i  1 1 
( I )  Novosibirsk  State  University 
stniingphys.tisu.ru'Fa.x:  -‘■7(3Sj-2)-39-71-01 

Many  investigators  of  the  atmospheric  electricity  observed  anomalies  in  the 
atmospheric  field  behaviour  before  and  during  some  strong  earthquakes.  The 
observation  results  were  contradictory  because  of  imperfect  and  variegated 
■instruments.  Special  sensitive  equipment  was  developed  and  used  for  comparatively 
long  measurements  of  the  electric  field  strength  of  the  atmosphere  in  seismically 
active  regions  of  the  Pamirs  and  Tien  Shan.  All  of  observations  were  conducted 
with  identical  electric  field  sensors.  The  analysis  of  the  results  of  measurements 
showed  that  the  quasi-static  electric  field  of  atmosphere,  as  a  rule,  experiences 
characteristic  variations  shortly  before  earthquakes.  In  particular,  since  several 
(generally  5  -  7)  of  hours  before  an  earthquake  the  value  of  the  electric  field  strength 
begins  to  decrease,  then  the  field  strength  changes  its  direction  to  the  opposite.  The 
anomaly  lasts  from  20  minutes  to  4  hours,  the  most  likely  meanings  -  from  I  to  1.3 
hour.  Besides,  it  was  noted  that  since  several  d.nys  before  an  earthquake  there  exist 
lime  intervals  with  comparatively  quick  variations  of  electric  field  with  period  in  the 
dozens  of  seconds.  The  amplitude  of  these  variations  and  the  duration  of  the 
intervals  of  time  for  which  they  are  seen  grow  with  approach  to  the  eanhquake  date. 
The  results  of  investigations  allow  to  consider  the  specific  temporal  variations  of  the 
atmospheric  electric  field  as  a  potential  earthquake  precursor. 


THE  SOFTWARE  SYSTEM  FOR  THE  EARTHQUAKE 
PRECURCOR  DETECTION  BASED  ON  THE  REGIONAL 
MONITORING. 

E.V.  Sasorova  ( State  Oceanogrqyhic  Institute,  6  Kropotkinsky  per., 
Moscow,  119838  Russia;  e-mail:  sasor@geoph.ioras.nisk.ru) 

It  is  discussed  the  stmcture  of  the  real-time  software  system  for  mo¬ 
nitoring,  processing  and  analysis  data  for  the  detection  short-term  earth¬ 
quake  precurcors.  The  system  have  to  include  die  data  bases  with  regional 
data,  set  of  the  real  time  data  processing  methods  for  each  parameter,  the 
weight  estimation  algorithms  for  the  parameters  of  the  given  region,  the 
algorithms  for  the  learning  and  the  making  decision  subsystems.  The 
parameters  are  divided  in  two  subsets.  The  first  one  is  the  parametr  set 
connected  with  the  earth  crust  critical  state  (the  seismic  signal,  the  infrared 
radiation  of  the  rock,  the  variations  of  electromagnetig  fields,  etc).  All 
parameters  are  treated  as  one  multi-dimentional  value  described  ffie  earth 
crust  stress  state.  The  signal-noise  ratio  is  negligible  for  every  parameter. 
In  these  cases  more  efficient  may  be  using  the  artificial  intelligence 
methods  (the  pattern  recognition,  linguistic,  fuzzy  logic,  neuron  networks, 
etc).  The  second  subset  consists  of  parameters  (astrometric  data  .etc) 
which  may  increase  an  earthquake  possibility  at  this  point  in  time. 


‘MOVING  CHARGED  DISLOCATION  MODELLING’  OF  ELECTRICAL 
EARTHQUAKE  PRECURSORS :  A  PROMISING  APPROACH  7 

A.Tzanis  (1)  and  F.  Vallianatos  (2) 

(1)  Department,  of  Geophysics  &  Geothermy,  Univ.  of  Athens,  Greece. 

(2)  Technological  Educational  Inst,  of  Crete,  Chania  Branch,  Crete,  Greece. 

We  present  and  discuss  a  model  of  EEP  generation  and  propagation  as  a 
function  of  the  medium  and  source-receiver  separation,  based  on  the  concept 
of  Moving  Charged  Dislocations  (MCD).  Si^ials  generated  by  this  process 
are  modulated  by  a  source  time  function  featuring  a  comer  frequency  and  an 
inverse  power,  energy  distribution  law.  This  allows  the  generation  of  a  limited 
class  of  signals  with  characteristic  bay-like  shapes  and  duration  from  a  &w 
tens  of  seconds  (close  ranges/resistive  media/fak  source  functions)  to  a  few 
hours.  We  apply  this  model  to  analyse  a  signal  which  was  associated  with  the 
18/1 1/92,  M5.9  Gala.\idi  event  (Greece).  We  were  able  to  reproduce  the  ob¬ 
servation  in  shape,  using  generic  parameters  of  the  earthquake  source  and  the 
MCD  model;  reproduction  in  magnitude  is  possible,  but  only  under  untestable 
as  yet  considerations.  This  apparent  success  suggests  that  the  MCD  model 
may  be  promising  towards  establishing  a  working  theory  of  the  EEP  source. 
Moreover,  if  data  from  more  than  one  station  existed,  the  procedure  could  be 
invertible  to  source  parameters.  This  concept  is  discussed  in  the  context  of 
seismic  hazard  evaluation. 
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SEISMIC  QUIESCENCE  IS  SIMILAR  TO  FORE-  AND  AFTERSHOCKS 
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We  hypothesize  that  the  seismicity  rate  is  normally  constant.  Before  and  after  major 
earthquakes,  the  seismicity  rate  in  and  near  the  source  volume  is  often  disturbed: 
Fore-  and  aftershock  sequences  are  the  well  known  expressions  of  this,  but  precursory 
as  well  as  post-quiescences  exist.  For  the  post-main  shock  quiescence  the  redistribu¬ 
tion  of  stress  due  to  the  main  event  is  the  obvious  cause,  as  it  is  for  the  aftershocks. 
Although  precursory  quiescence  and  foreshocks  are  clearly  defined  in  many  cases, 
their  cause  is  not  obvious.  In  some  cases  they  may  be  explained  by  precursory  aseis- 
mic  creep.  Examples  of  constant  seismici^  rate  are  abundant  in  deep  seismic  zones. 
In  70  seismogenic  volumes  below  60  km  depth  of  500  earthquakes  each  in  periods  of 
8  to  30,  we  found  that  the  standard  deviation  was  close  to  that  expected  from  a  Pois¬ 
son  distribution.  Examples  of  post-quiescence  are  found  on  the  San  Andreas  Fault 
near  Parkfield  and  along  the  east  coast  of  Japan,  where  main  shocks  of  M4.7  and  M7.5 
were  followed  by  complete  absence  of  earthquakes  for  several  years  in  neighboring 
volumes  that  previously  produced  large  numbers  of  earthquakes.  In  the  same  tectonic 
provinces  precursory  seismic  quiescence  of  a  few  years  can  be  clearly  defined  for 
some  main  shocks,  the  M6  Coyote  Lake  and  Morgan  Hills  earthquakes  along  the  Ca¬ 
laveras  fault,  and  the  M7. 1  off-Sanriku  earthquake,  Japan.  Like  foreshocks,  precursory 
seismic  quiescence  is  an  obvious  phenomenon  that  is  however  not  understood  yet. 
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SEISMIC  HAZARD  ESTIMATES  FROM  FELT  INTENSmES  AT  THE  SITES 
SHAKEN  FROM  THE  1997  CENTRAL  ITALY  EARTHQAUKE 
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In  Older  to  fully  exploit  available  macroseismic  data  concerning  earthquakes  that  in 
last  cenmries  shook  central  Italy,  seismic  hazard  analysis  has  been  carried  out  by 
using  non  standard  statistical  techniques.  In  particular,  methodologies  developed  for 
the  analysis  of  ill-defined  macroseismic  data  have  allowed  the  combined  use  of 
intensity  estimates  deduced  from  documentary  sources  or  computed  from  epicentral 
data  by  taking  into  account  the  different  level  of  data  reliability.  Furthermore,  the 
proposed  approach  also  allows  the  use  of  the  whole  seismic  history  by  also  taking  into 
account  the  time  varying  completeness  of  the  available  seismic  catalogue.  Since  the 
adopted  data  set  concerns  a  time  interval  spanning  from  1000  A.C.  up  to  1980,  the 
comparison  of  seismic  effects  observed  during  the  last  seismic  crisis  in  Central  Italy 
(september-october  1997)  with  the  ones  expected  on  the  basis  of  seismic  hazard 
estimates  supplied  by  standard  procedures  and  by  the  one  here  proposed,  could  allow 
a  check  of  the  relative  reliability. 


PROBLEMS  OF  INTENSITY  ASSESSMENT  AT  LOCALITIES  SHAKEN  BY 
DAMAGING  EARTHQUAKE  SEQUENCES 

P.  AJbmi  *,  V.  Castelli  •*,  R.  Camassi  and  M.  Stucchi  * 
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The  problem  of  assessing  macroseismic  Intensity  at  localities  affected  by 
several  damaging  earthquakes  during  a  short  time  Interval  Is  well  known.  In 
such  cases,  usually,  after  the  first  strong  shaking  the  buildings  vulnerability  is 
lower  than  before,  though  It  Is  not  easy  to  assess  ‘how  much  lower*. 
Therefore,  to  assess  Intensity  one  has  to  move  through  the  vulnerability 
table,  with  little  hints.  To  neglect  these  aspects  lead  In  the  past  to  unreliable 
Intensity  estimates  and,  from  them:  to  unreliable  magnitudes  for  aftershocks. 
This  paper  analyses  some  cases,  with  special  reference  to  three  major 
earthquakes  (lo  »  IX.  IX  and  X  MCS)  which.  In  1741,  1747  and  1751 
occurred  In  a  comparatively  narrow  area  of  the  Apenninic  region,  then 
belonging  to  the  Papal  Slates,  where  also  the  1997  earthquake  took  place. 
They  set  in  moUon  the  production  of  huge  amounts  of  official  documents 
(surveys,  reports  and  so  on)  that  give  detailed  descriptions  of  damage 
suffer^  by  single  buildings  and/or  by  all  buildings  In  many  affected  localities. 
These  data  provide  a  ‘damage  record*  for  many  localities  of  different  status 
and  size,  from  provincial  towns  such  as  Fabriano,  Nocera  Umbra  and 
Gualdo  Tadino,  to  small  vlljages  such  as  Belvedere  or  Campodonico. 
Problems  of  Intensity  assessement  from  that  record  are  compared  with 
similar  problems  encountered  when  assessing  Intensity  for  the  recent  1997 
sequence. 


A  DISTRIBUTION-FREE  ANALYSIS  OF  THE  hUGNTTUDE-LVTENSITY 
RELATIONSHIPS:  AN  APPLICATION  TO  THE  MEDITERRANEAN 
REGION 
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A  procedure  for  the  statistical  analysis  of  the  relations  between  macroseismic  intensity 
and  magnitude  is  presented.  In  order  to  overcome  the  problem  due  to  the 
heterogeneous  nature  of  the  two  quantities  involved,  intensity  and  magnitude, 
relationships  have  been  studied  by  means  of  a  distribution-free  statistical  approach. 
The  data-set  examined  is  constituted  by  earthquakes  of  epicentral  intensity  >=VI 
occurred  in  the  Mediterranean  region.  As  known,  magnitude-intensity  relations 
depend  on  a  number  of  local  features  (e.g.  average  hypocentral  depth,  etc.)  but,  owing 
to  the  nature  of  the  adopted  data-base  (resulting  from  the  integration  of  many  national 
and  regional  seismic  catalogues)  they  can  also  be  affected  by  the  use  of  different 
macroseismic  and  magnitude  scales.  The  role  of  every  variable  able  to  influence  the 
magnitude-intensity  relations  (i.e.  intensity  scale,  source  catalogue  and  earthquakes 
location)  has  been  evaluated  by  means  of  an  opportune  correlation  analysis  (e.g, 
Cramer  correlation  coefficient). 
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The  1755.11.01  Lisbon  earthquake  was  felt  strongly  on  Portugal,  Spain  and  Morocco, 
specially  along  the  Atlantic  coasts.  The  intensity  at  the  epicenter  is  estimated  in  XI 
(MSK)  and  its  magniwde,  inferred  from  macroseismic  data,  is  8.3/4  (Guttenberg  and 
Richter,  1949).  The  tsunami  magnitude,  Mt=Mw,  was  estimated  by  Abe  (1989)  based 
on  the  tsunami  run  up  data  observed  along  the  Iberian  coast.  Macroseismic  Intensity 
maps  were  published  for  Portugal,  Spain  and  Morocco  separately  and  the 
corresponding  attenuation  laws  were  fitted.  Most  of  these  laws  are  based  on  the 
assumption  that  this  event  was  generated  in  the  same  oceanic  region  and  by  a  similar 
rupture  mechanism  that  the  recent  instrumental  event  that  occurred  on  19 169.02.28. 
The  recent  hydrodynamic  simulations  on  the  1755.1 1.01  Lisbon  tsunami  showed  that 
the  location  of  the  source  area  and  the  rupture  mechanism  are  different  from  the 
1969.02.28  event  that  was  located  at  the  Horseshoe  Abyssal  Plain  (North  Atlantic), 
Baptista  et  al.,  1998).  In  view  of  these  results  a  new  compilation  of  macroseismic 
Intensity  data  was  made  with  data  from  Portugal,  Spain  and  Morocco  and  a  careful 
revision  of  the  existent  attenuation  laws  was  made.  The  new  attenuation  law  was  fitted 
using  820  data  points  and  Levenberg  Marquardt  algorithm. 
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In  September  and  October  1997  the  regions  of  Umbria  and  Marche  in  Central  Italy 
were  hit  by  a  sequence  of  sffong  and  damaging  earthquakes,  with  epicentres  in  the 
vicinity  of  towns  Nocera  Umbra,  Colfiorito  and  Sellano.  Few  days  after  the  first 
earthquake  an  ad-hoc  expert  team  was  formed  of  the  seismologists,  geologists, 
historians,  architects  and  geographers  who  made  quick  survey  of  the  most  devastated 
area.  The  macroseismic  data  were  collected  in  a  great  extent,  in  order  to  be  able  to  use 
EMS  1992  scale  while  estimating  the  intensities.  A  preliminary  field  form  was 
constructed  and  used  as  a  common  base  for  the  collecting  of  dau.  Several  problems 
were  met  during  the  field  work  and  intensity  estimation  process,  due  to  a  lack  of 
experience  with  EMS  on  the  one  side  and  the  huge  damaged  area  that  was  getting 
bigger  every  day  on  the  other.  Main  problems  were  how  to  establish  building  typology 
and  how  to  separate  damage  effects  of  different  shocks.  The  field  experience  M  us  to 
believe  that  some  improvement  in  the  scale  is  needed  in  order  to  give  more  indication 
about  building  classification  and  building  behavior  and  resistance  after  damage. 
During  the  field  work  we  discussed  a  possibility  of  "inserting"  a  degree  between  VI 
and  VII,  as  in  many  localities  the  observed  damage  was  more  than  VI  and  less  than 
VII. 


MACROSEISMIC  SURVEY  OF  THE  CENTRAL  APENNINES 
EARTHQUAKES  OF  SEPTEMBER-OCTOBER 1997 
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After  the  two  first  major  shocks  of  September  26,  1997,  in  the  Umbria- 
Marche  area,  the  National  Group  for  Defence  against  Earthquakes  of  Italy's 
National  Council  of  Research  (GNDT/CNR),  the  National  Seismic  Survey 
(SSN)  and  the  National  Institute  of  Geophysics  (ING)  started  a  joint 
macroseismic  survey.  At  first,  a  preliminary  evaluation  of  the  maximum 
effects  and  a  rough  delimitation  of  the  damaged  area  were  effected  using 
data  gathered  by  field  investigation  and  also  -  due  to  the  extension  of  the 
damaged/felt  areas  -  through  press  and  technicians'  reports  and  telephone 
Interviews.  From  October  3,  a  more  detailed  field  survey  started  in  the  most 
heavily  damaged  localities,  with  the  aims  of  disen'minating  (whenever 
possible)  the  effects  produced  by  each  of  the  main  shocks,  to  test  the 
European  Macroseismic  Scale  EMS-92,  and  also  to  record  the  worsening  of 
damage  scenarios,  progressively  caused  by  the  strongest  aftershocks.  New 
stages  of  the  survey  were  carried  out  after  new  damaging  aftershocks,  on 
October  8  and  from  16  to  19  October,  particularly  in  the  areas  of  Sellano, 
PrecI,  Alta  Valnerina  and  Alto  Maceratese. 

This  paper  presents  the  intensity  distribution  reconstructed  up  to  October  20, 
with  an  account  of  the  Interpretative  problems  encountered  in  the  process 
and  of  the  solutions  adopted  to  deal  with  them. 


the  ZAGREB  1502  EARTHQUAKE  -  DOUBTFUL  OR  EVEN  FAKE? 

Tna  Ctcic  (1),  Ivica  Sovic  (2)  and  Mladen  Zivcic  (3) 

(1)  Geophysical  Survey,  Ljubljana,  Slovenia,  ina.cecic@uni-lj.si,  (2)  Croatian 
Seismological  Survey,  Zagreb,  Croatia,  sovic@nidjer.iib.hr,  (3)  Geophysical 
Survey,  Ljubljana,  Slovenia,  mladen.zivcic@uni-lj.si 

In  the  BEECD  working  file,  and  before  that  in  Balkan  catalogue,  the  earthquake  on 
26  March  1502  at  13  h  has  intensity  DC  MSK.  The  similar  entiy  can  be  found  in  the 
Croatian  earthquake  catalogue.  Its  historical  part  relies  a  great  deal  on  Kispatic 
(1891).  The  oldest  source  given  by  Kispatic  for  this  earthquake  was  a  chronicle 
written  by  Joannis  Toriiasich  in  1561:  "Anno  Domini  152.  die  26  Martii  hora  2  post 
meridiem",  and  the  tower  of  Sl  Marcus  church  in  Zagreb  was  destroyed  to  the 
fundaments.  The  year  of  the  event  is  written  in  a  way  that  could  lead  to  different 
interpretations.  The  Valvasor's  frimous  chronicle  also  quotes  Tomasich  as  a  source 
for  this  earthquake,  but  giving  the  date  6  Match  1502.  The  damage  on  the  tower  is 
not  mentioned  in  the  books  of  the  St.  Marcus  church  (Kispatic,  1879).  Also,  the 
annual  overview  of  the  Bishop's  expenses  for  the  time  period  1501-1505  does  not 
show  any  increase  in  the  sum  for  the  regular  maintenance  of  Zagreb  chatedtal, 
which  is  about  500  m  away  from  St  Marcus.  Moreover,  king  Vladislav  II 
(Wtadislaus)  allowed  the  city  of  Zagreb  to  use  taxes  to  repair  the  bad  condition  of 
Ae  houses  after  the  recent  earthquake;  the  document  was  dated  in  1511  (Tkalcic, 
1896).  Although  there  is  still  a  lot  of  work  for  the  historians  to  be  done  to  find  more 
proofs  of  our  hypothesis,  we  believe  that  the  described  effects  speak  about  the  event 
on  26  March  151 1  at  14:30,  which  occured  in  bonier  region  between  Slovenia  and 
Italy. 


DISTRIBUTION  OF  EFFECTS  IN  THE  URBAN  AREA  OF 
ROME,  FOR  THE  OCTOBER  14, 1997  (CENTRAL  ITALY)  EVENT 

F.  Cifelli,  S.  Donati  and  F.  Funiciello 

University  of  Rome  3,  Dept.  Of  Geological  Sciences  Largo  S.  Leonardo 
Murialdo,  1  00146  Rome,  Italy.  SDonati@uniroma3.it/fax:  +39-6-54888201 

During  the  last  years  many  improvement  have  been  done  by  historical 
seismologists  outlining  more  and  more  the  response  to  the  seismic  shaking 
of  the  downtown  of  Rome,  at  the  occurrence  of  large  earthquakes.  Till  now, 
only  historical  data  evaluation  were  available  to  check  the  seismic 
vulnerability  of  Rome.  The  possibility  to  verify  our  knowledge  on  the  basis 
of  recent  earthquake  was  the  occurrence  of  the  October  14,  1997  event, 
located  in  the  Central  Apennines  region  (Mw“5.7),  which  has  been  largely 
felt  in  the  city  of  Rome  (far  about  1 15  km).  A  prompt  macroseismic  survey 
in  the  Roman  urban  area  was  performed,  to  obtain  tbe  picture  of  shaking  in 
the  whole  city.  For  this  earthquake,  we  were  able  to  collect  macroseismic 
information  related  to  several  hundreds  topographic  points.  It  is  the  first 
time  that  such  a  large  amount  of  data  is  available  for  Rome.  The  analysis  of 
the  data  points  out  a  preferential  distribution  of  larger  effects  within 
Holocene  alluvial  sediments,  but  it  also  allows  us  to  individuate  some  areas 
where  local  amplification  phenomena  occurred.  Such  areas  are  characterised 
by  recent  terrain  hosting  more  levels  of  water-tables. 


MACROSEISMIC  INVES'nGATION  OF  SOME  PRE-  AND  INSTRU¬ 
MENTAL  PERIOD  EVENTS  FROM  THE  GULF  OF  CORINTH 

V.  Kouskouna  and  K.C.  Makropoulos 

Dept,  of  Geophysics  &  Geothermy,  Univ.  of  Athens,  157  84  Athens,  Greece 
vkouskou@atlas.uoa.gr 

Despite  the  existence  of  ample  macroseismic  intensity  data  from  pre¬ 
instrumental  earthquakes,  their  inherent  inconsistencies  prevail  from  using 
them  as  input  to  modem  seismic  hazard  techniques.  It  has  often  been 
stressed  in  the  last  decade  that  the  intensities  of  historical  earthquakes 
should  be  re-evaluated  using  the  available  primary  sources  and  according  to 
the  currently  used  intensity  scales.  This  is  also  the  case  for  events  of  the 
early  instrumental  period,  where  the  use  of  different  intensity  scales  has 
produced  inhdrtiogeneous  macroseismic  intensity  data  sets.  In  the  present 
study  the  intensities  of  historical,  as  well  as  early  instrumental  earthquakes 
from  the  area  of  the  gulf  of  Corinth,  Greece,  are  re-evaluated,  and  their 
distribution  is  derived.  These  distributions  are  calibrated  tp  recent  events 
from  the  same  area,  in  an  attempt  for  a  better  evaluation  of  die  size  of  these 
events.  In  addition,  and  since  the  focal  mechanism  of  the  earthquake  is 
directly  related  to  the  observed  intensity  distribution,  the  possibility  of 
associating  the  pre-instrumental  events  to  known  faults  with  known  focal 
mechanisms  of  recent  earthquakes  is  examined. 
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VERIFICATION  OF  MACROSEISMIC  METHODS  ON  TWO 
M=5.2  INSTRUMENTAL  EARTHQUAKES  IN  FRANCE. 

A.  Levret  and  0.  Scotti 

Institut  de  Protection  et  de  Surete  Nucleaire  BP06-F. 92265  Fontenay-aux- 
Roses. 

Macroseismic  data  available  for  the  two  most  recent  M=:5.2  earthquakes  that 
occured  in  the  Pyrenees  and  in  the  Alps,  were  analyzed  using  the  Sponheuer 
and  the  Levret  relationship  to  estimate  depth  and  magnitude  respectively.  The 
excellent  agreement  between  macroseismic  and  instrumental  estimates  shows 
that  macroseismic  data  of  historical  events  may  provide  the  means  to  lengthen 
the  instrumental  catalogue  and  better  constrain  the  recurrence  rates  of  these 
two  low  to  moderate  seismic  rate  regions.The  Epagny  earthquake  occured  on 
the  07/15/1996  along  the  Vuache  fault  in  the  French  Alps.  Instrumental  and 
macroseismic  depth  estimates  both  indicate  a  shallow  hypocenter  location  of 
around  3-4  km.  The  question  raised  by  this  event  is  whether  the  Vuache  fault, 
a  conspicous  NW-SE  trending  left-lateral  strike-slip  fault,  is  a  superRcial  or 
a  crustal  feature.  Analysis  of  macroseismic  data  available  for  earlier  events 
(1975,1936,1839)  indicates  a  rather  superficial  fault  generating  M=5  earth¬ 
quakes  that  originate  in  the  first  4-5  km  of  the  crust.  The  St  Paul  de  Fenouillet 
earthquake  occured  on  the  02/18/1996.  Its  depth  is  around  10  km,  presumably 
on  a  ramp  structure  of  the  North  Pyrenean  Frontal  Thrust.  Again,  reasonable 
agreement  between  instrumental  and  macroseismic  estimates  is  found  and  the 
study  of  historical  events  (1920,  1922)  provides  important  information  as  to 
the  behaviour  of  the  seismic  structures  in  this  part  of  the  eastern  Pyrenees. 


FROM  QUESTIONNAIRES  TO  INTENSITIES  -  ASSESSING  FREE¬ 
FORM  MACROSEISMIC  DATA  IN  THE  UK 

R.M.W.  Musson  and  P.RO.  Henni 

British  Geological  Survey,  West  Mains  Road,  Edinburgh,  UK 
R.Musson@bgs.ac.uk  /  Fax;  +44-131-667-1877 

Questionnaires  for  macroseismic  surveys  can  generally  be  categorised  into  two 
groups:  structured  questionnaires,  where  respondents  are  given  a  number  of  options 
and  have  to  tick  one,  and  free-form  questionnaires,  where  open-ended  questions  are 
answered  hy  the  respondents  in  their  own  words.  Both  have  advantages  and 
disadvantages.  The  structured  approach  is  easier  for  the  seismologist  to  process  and 
ia  more  focussed  on  the  answers  he  wants  to  receive.  The  free-form  approach  is 
better  at  preserving  nuances  and  qualifications  to  the  respondents'  answers  that 
might  otherwise  be  lost  Free-form  questionnaires  can  be  a  lot  shorter  than 
structured  ones,  and  it  is  partly  for  this  reason  that  practice  in  the  UK  aince  1974 
has  been  to  employ  such  a  questionnaire  design;  short  questionnaires  can  be 
distributed  widely  by  being  printed  in  local  newspapers.  The  questionnaires 
received  are  then  sotted  by  place,  and  for  each  place  a  synopsis  sheet  is  prepared 
auttunarising  the  leported  effects  Intensities  are  then  assigned  from  the  synopsis 
sheets,  with  reference  back  to  the  questionnaires  where  necessary.  Data  are  checked 
using  a  pseudo-GIS  program,  and  the  fmal  maps  are  prepared  with  the  GMT 
mapping  package. 


STRATEGIES  FOR  THE  USE  OF  MACROSEIS\UC  INFORMATION  IN  THE 
STUDY  OF  GROUND  RESPONSE  TO  SE1S>UC  EXCITATION 

Alexandra  Paula  (1ST)  and  Carlos  Sousa  Oliveira  (1ST) 

DECivil,  Instituto  Superior  Tecmco,  Av.  Rovisco  Pais,  1096  Lisboa  Codex,  Portugal 
alexpfcivil.istutl.pt  and  csoliv(civif.ist.utl.pt 

Given  a  magnitude  value  and  an  epicentre  location  what  is  the  intensity  to  be  expected 
at  any  selected  observation  site?  Regarding  this  topic,  macroseismic  information  from 
Continental  Portugal  was  used  to  obtain  empirical  expressions  for  ground  intensity 
response  to  seismic  excitation.  Different  approaches  were  tried  and  analysed,  in  order 
to  minimise  the  uncertainties  associated  to  the  corresponding  intensity  predictions.  I) 
Fits  considering  intensity  (I)  as  a  function  of  magnitude  (M)  and  epicentre  or  focal 
distance  (D),  and  fits  considering  I  as  a  function  of  D  for  constant  M,  were  obtained. 
In  order  to  analyse  the  influence,  in  regressions  results,  of  the  way  the  input  set  is 
selected,  given  the  zone  of  observation  sites  and  the  region  of  epicentres,  different 
groups  of  data  points  were  considered  in  these  fits:  a)  sets  with  EMS  intensity  value  I 
points,  and  sets  without  them;  b)  sets  with  different  amounts  of  points  of  the  different 
intensity  values;  c)  sets  with  transformed  data  points,  such  as  points  with  average 
distance  for  given  intensity  and  magnihide,  points  with  hypothetical  intensity 
distributions  -  intensity  considered  as  varying  continuously  with  distance  -  for  each 
magnitude  and  EMS  intensity  value,  and  points  with  the  average  distances  to  the 
isoseismals.  2)  I  as  a  function  of  M  fits  were  computed  for  data  from  delimited 
epicentre  areas.  Conclusions  on  the  use  of  these  procedures  were  obtained. 


INTENSITY  VS  CATALOGUES:  THE  CASE  OF  THE  1975,  JUNE 
19  GARGANO  (SOUTHERN  ITALY)  EARTHQUAKE 

F.  Riguzzi 

Istituto  Nazionale  di  Geofisica,  Rome  Italy 
riguzzi(ging750.mgrm.it/Fax:  +39-6-5041181 

Italian  seismic  Catalogues  suffer  the  problem  that  intensities  of  many 
moderate  seismic  events  (historical  and/or  present),  are  often  derived 
from  intensity-magnitude  relationships,  or  evaluated  only  from 
preliminary  sources.  In  those  cases  intensities  are  not  assessed  by 
macroseismic  studies;  consequently,  it  is  possible  to  find  contradictions 
among  different  Catalogues,  as  they  often  follow  different  way  of 
intensity  assigrunent.  As  example,  the  case  of  the  1975,  June  19 
earthquake  is  presented  in  this  poster.  This  event  occurred  in  the 
Gargano  area  (Southern  Italy)  with  a  magnitude  Ml=5.1  (ING 
Seismological  Bulletin).  The  corresponding  intensity  value  reported  by 
the  ING  Catalogue  is  I  =  VIII  (computed),  while  the  NT4.1  Catalogue 
quotes  I  =  VI  MCS.  Moreover  the  PFG  Catalogue  reports  this 
earthquake  without  intensity.  The  case  of  this  event  is  emblematic  of  a 
period  in  which  macroseismic  studies  were  not  undertaken 
systematically  in  Italy.  The  macroseismic  intensity  of  this  event  is  now 
assessed  by  the  use  of  the  normal  procedures  implemented  at  ING. 


PRELIMINARY  RESULTS  OF  THE  MACROSEISMIC  SURVEY  OF 
THE  COLFIORITO  SEQUENCE  (CENTRAL  ITALY) 

V.  De  Rubeis,  C.  Gasparini,  A.  Tertulliani  and  P.  Tosi 

Istituto  Nazionale  di  Geofisica,  Via  di  Vigna  Murata,  605,  00143  Rome, 

Italy.  Tertul@ing750.ingrm.it/fax :  +39-6-5041303 

The  recent  seismic  sequence  occurred  in  Umbria-Marche  region  (Central 
Italy),  starting  from  September  4,  1997,  has  caused  a  large  amount  of 
damage  in  a  quite  wide  area.  The  sequence  produced  almost  five  shocks 
with  magnitude  higher  than  5.0,  the  largest  of  them  occurred  on  September 
26,  UTC  09  :40,  Mj  =5.8  .  The  occurrence  of  many  shocks  with  magnitude 
higher  than  4.0  has  contributed  to  create  a  damage  pattern  “in  evolution” 
for  over  a  month.  Such  seismic  behaviour  obliged  the  operators  in  the  field 
to  perform  a  real-time  macroseismic  survey  to  update  the  data  set.  One  of 
the  major  efforts  was  to  discriminate  the  effects  due  to  each  of  the  largest 
shocks.  In  this  work  we  present  the  macroseismic  survey  performed  during 
the  sequence  and  some  preliminary  result  inferred  from  it.  The  intensity 
points  and  macroseismic  fields  related  to  the  largest  quakes  of  the  sequence 
are  presented.  Finally  some  consideration  drawn  by  comparison  with 
instrumental  and  geological  data  are  shown. 


CORRELATION  OF  SEISMIC  INTENSITY  WITH  FOURIER 
acceleration  SPECTRA 

V.Yu.SokoIov(l),  Yu.K.Chcmov(2) 

(1)  Lenhydroproject,  pr.  Ispytateley  22,  StPetersburg,  RUSSIA  197227 
E-mail:  vu5@inro.rasl.spb.ru 

(2)  SK  IGC,  Dzerzhynsky  185,  Stavropol,  RUSSIA  355 105 

Many  attempts  have  been  made  to  correlate  intensity  with  ground  motion  parameters. 
The  correlations  with  peak  amplinides  and  duration  show  great  scatter,  and  till  the 
present  there  is  no  equation  sufficient  enough  to  determine  seismic  intensity  in  terms 
of  physical  parameters.  We  present  a  method  for  estimating  of  seismic  intensity  in 
terms  of  MMI  or  MCS  scale  using  Fourier  amplitude  spectra  of  ground  acceleration. 
The  method  implies  that  the  severity  of  earthquake  ground  motion  is  determined  by 
spectral  amplitudes  in  relatively  narrow  frequency  band:  so-called  "responsible 
frequencies",  which  decrease  (from  7-8  Hz  for  small  intensities  to  0.7- 1.0  Hz  for 
MMI=Vni-IX)  with  increasing  of  the  intensity.  We  examined  our  model  through 
estimation  of  prabable  intensity  using  records  of  recent  earthquakes  occured  in  several 
seismic  regions,  and  prediction  of  intensity  distribution  patterns  for  Coalinga, 
California  earthquake  of  May  2, 1983,  and  Spitak,  Armenia,  earthquake  of  December 
7,  1988.  We  beleive  that  seismic  hazard  maps  in  terms  of  intensity  scale  levels  based 
on  the  proposed  approach  would  provide  a  better  account  for  regional  features  of 
seismic  waves  excitation  and  propagation,  as  well  as  for  local  ground  conditions. 
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CROATIAN  MACROSEISMIC  DATABASE 
I.  Sovic 

Croatian  Seismological  Survey,  Department  of  Geophysics,  Faculty  of  Sciences, 
Horvatovac  bb,  10000  Zagreb,  Croatia 
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The  compilation  of  the  digital  Croatian  Macroseismic  Database  is  an  ongoing 
project  that  started  in  1995.  A  total  of  426  earthquakes  is  currently  being  analyzed. 
The  job  is  carried  out  duough  several  stages,  each  of  them  corresponding  to 
digitalization  of  a  different  input  data  format  (isoseismal-  and  intensity-maps, 
intensity  point  lists,  questionnaires,  etc.)  At  first,  the  69  isoseismal  maps  published 
in  the  Catalogue  of  Earthquakes  in  the  Balkan  Region  have  been  digitized.  The 
coordinates  of  the  intensity  points  were  assigned  to  geographic  locations  (villages, 
cities, ...)  by  consulting  the  data  base  of  latitudes  and  longitudes  of  all  settlements  in 
Croatia.  The  330  existing  intensity  lists  (intensity  and  name  of  the  place  without 
coordinates)  were  entered  into  the  database  during  the  second  step.  The  isoseismal 
maps  which  were  not  published  so  fat  will  be  scanned  and  digitized  during  the  third 
stage  of  the  project  Main  problems  encountered  so  far  have  to  do  with  digitization 
from  the  inqirecisely  drawn  intensity  maps  based  on  unspecified  cartographic 
projection,  in  which  case  we  had  to  employ  various  methods  of  coordinate 
interpolation  in  order  to  be  able  to  assign  observed  intensity  to  a  geographic  locality. 
Once  finished,  the  data-base  will  offer  possibility  to  analyze  many  aspects  of  the 
macroseismic  field  in  Croatia  (intensity  attenuation,  distribution  of  the  maximum 
observed  intesities,  influence  of  local  soil  conditions,  etc.). 


TESTING  THE  EUROPEAN  MACROSEISMIC  SCALE  IN  THE 
CASE  OF  THE  1997,  CENTRAL  ITALY  EARTHQUAKES 

Working  Group  on  EMS  data  of  the  1997,  Central  Italy 
earthquakes.  Reference  person:  M.  Stucchi* 

*  IRRS  CNR  Milano,  Italy 

Damage  caused  by  the  1997,  September  and  October,  Central 
Italy  earthquakes  was  investigated  by  making  use  of  both  MCS 
and  EM  intensity  scales.  Data  collected  in  the  view  of  this  test 
are  available  for  about  70  localities  of  the  most  damaged  area. 
These  data  will  be  compared  against  damage  data  collected  by 
engineers  for  safety  purposes. 

The  main  problems  of  the  survey  came  from  the  sequence  of 
damaging  events  which  took  place  in  about  three  weeks.  This 
situation  requested  quick,  repetitive  and  therefore  not 
exhaustive  investigation,  the  limits  of  which  are  discussed  here. 
The  comparison  between  the  intensity  values  assessed 
according  to  the  two  scales  shows  interesting  insights. 


NH3  Earthquake  risk  mitigation  (joint  with  SE) 

04  Active  fault  and  earthquake  risk  mitigation 

Convener:  Barka,  A.A. 

Co-Convener:  Stewart,  I.S. 


A  FUZZY  SYSTEM  TO  ASSESS  SEISMIC  INTENSITY 
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We  show  a  technique  which  allows  the  encoding  and  the  computer  processing 
of  macroseismic  effects  in  order  to  keep  trace  of  all  the  steps  in  the  intensity 
assessment  process.  It  makes  use  of  a  multi-criteria  decision  making  algorithm 
based  on  the  Fuzzy  Sets  Theory  (FST).  For  two  italian  earthquakes  (the  1919, 
Mugello  and  1920,  Garfagnana)  we  exhaustively  classified  all  the  earthquake- 
related  effects  found  in  the  available  sources,  without  referring  to  any  macro¬ 
seismic  scale.  This  classification  is  based  on  the  decomposition  into  elementary 
syntactic  components,  of  any  meaningful  sentence  which  can  be  associated  to 
a  set  of  5  alphanumerical  codes.  This  method  grants  the  highest  adherence  of 
the  recorded  data  with  respect  to  the  source  contents,  since  it  avoid  forced 
interpretation  and  the  loss  of  all  the  information  that  do  not  fit  into  scale  de¬ 
scriptions.  The  availability  of  the  information  on  computer  media  allows  the 
reorganization  of  the  data-set  in  order  to  group  effects  which  where  previously 
kept  distinct  but  are  thought  to  be  equivalent  in  further  processing.  The  exten¬ 
sion  of  the  data-base  to  a  sufficiently  large  number  of  earthquakes  could  allow 
the  definition  of  a  new  macroseismic  scale  on  a  purely  statistical  basis. 


REVISED  MAGNITUDES  OF  mSTORICAL  EARTHQUAKES  IN 
SLOVENIA 

Mladen  Zivcic  ( 1),  Ina  Cecic  (2) 

(1)  Geophysical  Survey,  Ljubljana,  Slovenia,  mladen.zivcic@uni-lj.si,  (2) 
Geophysical  Survey,  Ljubljana,  Slovenia,  ina.cecic@  uni-lj.si 

For  statistical  estimation  of  earthquake  hazard  it  is  of  large  importance  to  have 
unified  measure  of  earthquake  size.  For  historical  events  no  instrumental  data  are 
available.  Consequently  a  link  between  intensity  and  magnitude  is  needed. 
Epicentral  or  maximum  intensity  is  usually  poorly  correlated  with  magnitude,  so 
magnitude  formulas  based  on  isoseismal  radii  are  derived.  For  18  earthquakes  in 
Slovenia  there  was  isoseismal  map  available  as  well  as  magnitude.  Isoseismals 
were  digitized  and  the  relation  between  magnimde  M^h  and  equivalent  radii  R  of 
isoseismals  were  derived; 

Ml„  =  2.72  +  1.63  log  Rvi  (t^O.68) 

Ml„  =  1.08  +  2.32  log  Rv  (r^O.67) 

Ml„  =  1.14  +  1.96  log  R,v  (r^0.71) 

Magnitudes  were  determined  for  the  events  for  which  isoseismal  radii  for  intensities 
IV,  V  and  VI  were  available  in  the  catalogue.  The  reason  for  choositig  these  values 
was  because  in  20*  cenniry  there  are  not  enough  data  for  intensites  VIII  or  VII, 
which  could  be  used  to  calibrate  magnimde  formulas.  The  strongest  earthquake  in 
20*  cenmry  was  of  M^^  ■=  5.7.  Revised  macroseismic  magnimdes  for  the  two 
strongest  events  in  Slovenia  are; 

26.03.1511.  M„=6.8±0.3 
14.04.1895.  M„=6.1±0.2 

FAULT  KINEMATICS  AND  EARTHQUAKE  RISK:  CHIHSHANG,  TAIWAN 

I.  Aneelier  (1),  H.-T.  Chu  (2),  J.-C.  Hu  (3)  and  J.-C.  Lee  (3) 

(1)  Tectonique,  Univ.  P.&  M.  Curie,  Paris,  France,  ja@lgs.jussieu.fr,  (2)  Central 
Geol.  Survey,  Taipei,  Taiwan,  (3)  Inst.  Earth  Sci.,  Academia  Sinica,  Taipei,  Taiwan. 

In  eastern  Taiwan,  across  the  active  boundary  between  Eurasia-Philippine  Sea  plate, 
the  fault  slip  was  studied  during  the  period  1982-1997  on  the  Chihshang  Fault,  a 
segment  of  the  Longitudinal  Valley  Fault  known  active  for  the  last  30  years. 

Four  sites  allowed  quantification  of  fault  offsets,  because  massive  buried  concrete 
walls  reliably  recorded  ground  deformation.  Displacements  vectors  were  measured 
yearly  (1990-1997),  in  terms  of  both  the  amplitudes  and  the  orientations. 

At  the  longest  survey  site,  the  total  shortening  is  29.2  cm  in  about  1 1  years.  For  all 
sites,  the  average  velocity  is  2.4  cm/yr,  about  one  third  of  the  total  shortening  across 
the  whole  Taiwan  orogen.  Motion  vectors  trend  N120-155°E  while  the  fault  strikes 
N23°E.  indicating  thrusting  with  left-lateral  component. 

The  increase  in  total  shortening  was  nearly  linear  during  the  period  1986-1997.  After 
the  large  1951  earthquake  sequence,  creep  dominated  across  this  major  fault.  Minor 
velocity  variations  occurred,  but  no  significant  decrease  in  velocity,  which  would 
have  indicated  compressional  stress  accumulation  and  increasing  seismic  risk  along 
the  Chihshang  Fault,  was  identified  between  1982  and  1991. 

Quantitative  studies  carried  out  at  the  outcrop  scale  along  active  faults  have  the 
potential  to  allow  detection  of  a  decrease  in  local  aseismic  slip  velocity.  Such 
phenomenon  may  reflect  accumulation  of  compressional  strain  across  a  nearby  zone, 
hence  increasing  earthquake  risk,  for  the  overall  deformation  is  continuing  across  the 
seismically  active  convergent  boundary  (see  Angelier  tt  ai,  this  meeting). 
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EARTHQUAKE  SURFACE  FAULTING  IN  VOLCANIC  AREAS:  A 
CASE-STUDY  FROM  MOUNT  ETNA  (SICILY) 

R.AZZARO 

GNDT  c/o  Istituto  Intemazionale  di  Vulcanologia  •  CNR,  Catania,  Italy 
e-mail:  raffaele@hp715.iiv.ctcnr.it  Fax  number  +39  95  435801 

Coseismic  faulting  is  generally  associated  with  moderate-large  earthquakes  (M>  6.2) 
with  extended  overall  lengths  (tens  of  km)  and  relevant  offsets  (in  meters). 
Occasionally  ground  rupture  occurs  also  with  very  shallow,  tow  magnitude  events 
(M<4.5)  because  of  peculiar  tectonic  conditions,  for  example  in  active  volcanic  zones. 
The  present  study  has  allowed  the  recognition  of  surface  ruptures  for  a  large  number 
of  earthquakes  occurring  at  Mt  Etna  since  1818  to  date  by  means  of  a  careful  search 
and  re-examination  of  historical  sources  and  recent  data.  Analysis  of  surface  faulting 
provided  not  only  a  clearer  relationship  between  seismicity  and  mapped  structures  to 
emerge  but  also  a  better  definition  of  the  volcano  ts  tectonic  framework  through  the 
identification  of  previously  undetected,  long  hidden  faults.  Critical  interpretation  of 
data  and  ad  hoc  field  investigations  allowed  also  to  verify  behaviour  (kinematics,  slip 
per  event,  length  of  rupture)  and  geometry  of  seismogenic  segments.  These  findings 
provide  not  only  effective  evidence  of  ongoing  tectonics  but  also  useful  elements  for 
seismic  risk  mitigation.  In  fact,  surface  faulting  in  a  densely  urbanised  area  such  as  the 
Etnean  one  is  a  singular  and  overlooked  source  of  hazard,  destroying  houses  astride 
the  ground  rupture  or  intemipting  essential  lifelines  (tollway,  railway,  methane 
pipeline,  etc.). 


COULOMB  MODELING  OF  MARMARA  SEA  EARTHQUAKES 
SINCE  1700:  IMPLICATIONS  ON  THE  EARTHQUAKE  HAZARD 
OF  THE  ISTANBUL  REGION 

A.  A.  Barka  (1,3),  S.  Nalbant  (2),  A.  Hubert  (3)  and  G.  King  (3) 

(1)  nu,  Jeoloji  Boltimu,  Ayazaga,  Istanbul,  (2)  lU,  MuhendisHlk  Fakultesi, 
Jeofizik  Bolilmu,  Avcilar,  Istanbul,  (3)  IPGP,  France. 
barkaCaar Iyer . cc . itu . «du . tr 

Present-day  failure  stress  distribution  of  destructive  earthquakes  (I>Vin, 
M>6.3)  occurring  since  1700  along  strands  of  the  North  Anatolian  fault  in  the 
Marmara  Sea  region  is  calculated  from  Coulomb  modeling.  This  is  important 
in  particular  for  the  City  of  Istanbul  which  is  the  center  of  high  population  (10 
Million)  and  economy.  Our  investigation  is  mostly  concentrates  on  the  NE-SW 
trending  central  Marmara  Sea  ridge  which  represents  one  of  the  major  strike- 
slip  segements.  From  the  historical  earthquake  records  we  beleived  that  the 
last  large  earthquake  on  this  ridge  was  the  1509  earthquake  (I=IX-X).  GPS 
measurements  illustrated  that  the  slip  rate  along  the  northern  strand  of  the 
North  Anatolian  fault  is  more  than  10  mm/yr.  Our  results  from  the  failure 
stress  modeling  indicated  that  the  18th  century  earthquakes  caused  stress  in¬ 
crease  on  this  ridge,  however,  this  segment  was  not  ready  to  rupture  at  that 
time.  If  we  consider  the  GPS  rate,  at  present  there  has  been  approximately  5 
m  slip  allready  accumulated  on  this  segment  since  the  1509  earthquake.  Fur¬ 
thermore,  our  modeling  predicts  that  this  strike-slip  segment  is  most  likely  to 
be  triggered,  if  there  is  a  moderate  normal  fault  earthquake  in  the  basins  which 
are  bound  to  this  ridge  from  the  east  and  west. 


SEISMIC  HAZARD  IN  THE  CAUCASUS  REGION 
Mustafa  Erdik  (1)  and  Karin  Sesetyan  (1) 

(1)  Bogazl^)!  University;  Department  of  Earthquake  Engineering,  Istanbul 
E-mail:  erdik@hamtin.cc.boun.edu.tr.  Fax:  +90.216.3080163, 3321711 

This  study  involves  the  determination  of  the  earthquake  hazard  in  the  Caucasus  region 
in  probabilistic  terms.  The  area  considered  is  identified  as  one  of  the  test  sites  of 
Global  Seismic  Hazard  Assessment  Program  (GSHAP).  The  prominent  features  of  the 
study  are  rational  delineation  of  source  zones  based  on  different  neo-tectonic  maps  and 
regionally  seismicity;  utilisation  of  spectral  amplitude  anenuation  relationships  and; 
the  use  of  GIS  technology  In  the  treatment  of  data.  The  neo-tectonic  regime  and  the 
historical  seismicity  of  the  region  Several  neo-tectonic  fsult  maps  and  historical 
seismicity  catalogues  of  the  region  were  guiding  tools  in  the  delineation  of  the 
following  seismic  source  zones:  North  Anatolian;  Bitlis-Zagros;  Black  Sea; 
Pambak-Sevan;  Greater  Caucasus;  Tabriz;  Talish;  Soltanieh-South  Parandak  and  Arax. 
The  variability  of  the  available  neo-tectonic  maps  introduced  uncertainties  in  some  of 
the  source  boundaries.  For  the  probabilistic  hazard  analysis  the  Poisson  model  is 
retained  on  account  of  its  simplicity,  its  adequacy  for  large  magnitude  events  and  the 
fact  that  the  seismic  design  decisions  should  be  more  sensitive  to  the  mean  number  of 
events  than  to  their  temporal  distribution.  A  sensitivity  analysis  conducted  to  assess  the 
influence  of  the  variabili^  of  the  source  boundaries.  The  earthquake  hazard  is 
quantified  as  contours  of  iso-peak  ground  acceleration  and  iso-spectral  acceleration 
corresponding  to  different  return  periods.  The  results  are  compared  with  other  studies 
conducted  for  the  same  test  area  using  deterministic,  historical-probabilistic  and 
areal-probabilistic  techniques. 


SEISMIC  KAZAED  IK  THE  CAUCASUS  REGION 
Mustafa  Erdik  fl)  and  Karin  l>e*etyan  (1) 

U)  BoOazlgl  University;  Department  of  Earthquake  Engineering. 
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Fax:  +90.216.3080163 

This  study  involves  the  determination  of  the  earthquake  hazard  in  the  Caucasus 
region  in  probabilistic  terms.  The  area  considered  is  identified  as  one  of  the  test  sites 
of  Global  Seismic  Hazard  Assessment  Program  (GSHAP).  The  prominent  features 
of  the  study  are  rational  delineation  of  source  zones  based  on  different  neo-tectonic 
maps  and  regionally  seismicity;  utilisation  of  spectral  amplitude  attenuation 
relationships  and;  the  use  of  GIS  technology  in  the  ueatment  of  data.  The  neo- 
tectonic  regime  and  the  historical  seismicity  of  the  region  Several  neo-tectonic  fault 
maps  and  historical  seismicity  catalogues  of  the  region  were  guiding  tools  in  the 
delineation  of  the  following  seismic  source  zones:  North  Anatolian;  Bitlis-Zagros; 
Black  Sea;  Pambak-Sevan;  Greater  Caucasus;  Tabriz;  Talish;  Soltanieh-South 
Parandak  and  Arax.  The  variability  of  the  available  neo-tectonic  maps  introduced 
uncertainties  in  some  of  the  source  boundaries.  For  the  probabilistic  hazard  analysis 
the  Poisson  model  is  retained  on  account  of  its  simplicity,  its  adequacy  for  large 
magnitude  events  and  the  fact  that  the  seismic  design  decisions  should  be  more 
sensitive  to  the  mean  number  of  events  than  to  their  temporal  distribution.  A 
sensitivity  analysis  conducted  to  assess  the  influence  of  the  variability  of  the  source 
boundaries.  The  earthquake  hazard  is  quantified  as  contours  of  iso-peak  ground 
acceleration  and  iso-spectral  acceleration  corresponding  to  different  return  periods. 
The  results  are  compared  with  other  studies  conducted  for  the  same  test  area  using 
deterministic,  historical-probabilistic  and  areal-probabilistic  techniques. 


DEFINING  SEISMOGENIC  SOURCES  FROM  HISTORICAL 
EARTHQUAKE  FELT  REPORTS 

P.  Gasperini  (1),  F.  Bernardint  (2),  G.  Valensise  (3)  and  E.  Boschi  (1,3) 

(1)  Dip.  di  Pisica,  Settore  Geoftsica,  40127  Bologna,  Italy,  (2)  Dip.  Scienze  della 
Terra,  50100  Firenze,  Italy,  (3)  Istituto  Nazionale  di  Geohsica,  00143  Roma, 
Italy. 

paoloCibogfs.df  .unibo.it/Fax:  [39]  51  6305058 

We  present  a  method  to  assess  the  location,  physical  dimensions  and  orientation 
of  the  source  of  large  historical  earthquakes  that  relies  entirely  on  intensity 
data.  Seismological  theory  and  practice  show  that  the  orientation  of  the  seismic 
source  of  earthquakes  larger  than  M>5.5  is  reflected  in  the  elongation  of  the 
associated  damage  pattern.  A  physically  plausible  and  easily  understandable 
way  of  describing  a  seismic  source  is  by  representing  it  as  a  properly  oriented 
^rectangle**,  whose  length  and  width  are  obtained  from  moment  magnitude 
through  empirical  relations.  This  rectangle  is  meant  to  represent  either  the 
actual  surface  projection  of  the  seismogenic  fault  or,  at  least,  the  projection 
of  the  portion  of  the  Earth  crust  where  a  given  seismic  source  is  more  likely 
to  be  located.  The  systematic  application  of  this  method  to  all  the  M>5.5 
earthquakes  that  occurred  in  the  central  and  southern  Apennines  (Southern 
Italy)  in  the  past  four  centuries  returned  encouraging  results  that  compare 
well  with  existing  instrumental,  direct  geological  and  geodynamic  evidence. 
The  method  is  quite  stable  for  different  choices  of  the  algorithm  parameters 
and  provides  elongation  directions  which  in  most  cases  can  be  shown  to  be 
statistically  significant. 


SElS^^C  HAZARD  AND  SEISMIC  RISK  ASSESSMENT  FOR  SOCHI  CITY 
G.L.KofF*,  N.r.Frolova** 

^Institute  of  Litosphere,  Russian  Academy  of  Sciences, 
•♦Seismological  Center,  Institute  of  Geoccology,  Russian  Academy  of  Sciences 

According  to  the  temporary  map  (scale  1:1  000  000)  of  seismic  zonation  of  the 
Northern  Caucasian  territory,  adopted  by  the  Ministry  of  Construction  of  Russian 
Federation  In  1994  as  a  standart,  Sochi ,  the  Black  Sea  shore  of  Russia,  is  located  in 
a  zone  of  expected  intensity  DC  on  the  MSK  scale,  with  average  recurrence  of  such 
earthquakes  once  per  1000  years  within  the  area  of  one  thousand  sq.km.  In 
comparison  with  the  previous  standart  map  of  seismic  zonation  of  the  former  USSR, 
the  city  seismicity  was  increased  by  2  grades  of  intensity  scale.  In  order  to  verify  the 
seismic  hazard  level  the  schematic  map  (scale  I:  100  000)  of  tectonic  faults  was 
compilied  with  the  use  of  space  photography.  As  30%  of  the  mountain  area  of  the 
ci^  is  exposed  to  landslides,  mudflows,  avalanches,  the  detailed  engineering 
geological  study  was  carried  out.  Seismic  risk  (ecomonic  and  social  losses)  was 
computed  with  taking  into  account  the  verified  seismic  hazard  level  and  other 
geological  processes.  The  corresponding  maps  of  total  direct  losses  caused  by 
damage  to  residential  buildings  from  scenario  earthquake,  summary  direct  losses 
taking  into  account  secondary  technogenous  processes,  as  well  as  of  specific  social 
losses  (number  of  people  killed  and  injured  per  unit  square)  were  compiled  on  the 
scale  1:50  000.  The  obtained  results  allowed  to  estimate  the  insurance  rates  for 
Sochi  City. 
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NON-TRADITIONAL  ASPECTS  OF  SEISMIC  HAZARD  IN  THE  ZONE  OF 
ACTIVE  FAULTS  WITHIN  THE  RUSSIAN  PLATE 

LG.KoutiQov,  F.KYudakhin,  T.Y.Belenovich  (Institute  of  Ecological  Problems  in 
the  North  Ural  Division  RAS,  57  Viutchejsky  str.,  163046  Archangelsk,  Russia) 

Study  of  spatial  migration  of  earthquake  epicentres  with  M>3.0  for  a  phase  1963- 
1992  years  has  shown  that  seismoactive  &ults  of  Fennoscandia  extend  to  Russian 
plate.  Tectonic  zones  of  the  Baltic  Shield  and  Northern  part  of  the  Russian  plate 
create  a  complicated  pattern  in  space  and  a  combination  of  faults,  grabens,  horst, 
forming  a  peculiar  tectonic  ftamework  of  structures  successively  evolving  in  time 
represent.  These  zones  are  characterized  by  inheritance  in  space,  re-iteration  and 
association  with  weakened  zones  of  general  NW  and  NE  direction  from  Late 
Archean  to  present.  The  epicentres  of  earthquake  form  the  belt  extending  in  NE 
and  NW  directions.  These  direction  conform  with  faults  dividing  Baltic  Shield  and 
Russian  Plate  into  separate  tectomc  bloks.The  investigations  carried  out  by  the 
authors,  has  shown,  that  in  Archangelsk’s  region  these  structures  are  ruinous  for 
marine  stars  in  Onega  and  Dvina  Gulfs,  fishes  in  Lekshmozero.  The  main  causes  of 
the  phenomena  of  earthquakes  influence  on  the  environment  are  not  clear.  Some  of 
causes  are;  horizontal  and  vertical  migration  of  the  geochemical  elements,  the 
fiuides  of  depth  gases,  fiucmations  of  electro-magnetic  fields  and  contaimnation  by 
to.xic  organic  matter,  is  intrinsic  in  basement  and  sedimentary  rocks  of  the  Russian 
Plate,  in  the  zones  of  seismoactive  faults.  The  main  stream  of  gas  is  moving 
through  the  faults  and  by  the  zones  of  fracture.  The  important  role  in  this  process 
the  recent  tectonic  movements  and  migration  of  earthquake  epicentres  play. 


PROGRAM  OF  THE  NUCLEAR  POWER  STATIONS  SEISMIC 
PROTECTION  IN  THE  UKRAINE 

Yu.  Lokshvn.  N.  Petrov,  V.  Baranov 

State  Scientific  Industrial  Association  (SSIA)  “Metrology”,  Kharkov,  Ukraine 
e-mail:  bondarew@metrog.khaikov.ua 

The  seismic  simation  in  the  Ukraine  is  considered  as  calm  in  general.  However,  it 
territory  contains  the  seismic  active  M  6-7  with  the  local  sections  M  8  zones.  There 
are  Crimea  zone,  Carpathy,  all  south-west  part  of  Ukraine,  seismic  active  zones  of 
the  East-European  platform  boundary,  Donbass.  The  large  industrial  units,  in 
particular,  the  nuclear  power  stations  (NPS)  have  been  built  there  and  in  other 
seismic  active  regions.  Ukrainian  NPS  are  usually  sihiated  near  large  cities  and  it 
damages  could  cause  the  essential  economic  disasters  and  environment  catastrophes. 
In  this  sense,  the  possible  earthquakes  are  very  strong  hazard.  Therefore,  the 
permanent  seismic  observations  and  corresponding  NPS  protection  have  the  most 
importance.  The  complex  program  to  develop  the  national  system  of  the  seismic 
observations  and  to  raise  the  population  safety  in  the  seismic  hazardous  regions  has 
been  worked  out  in  the  Ukraine.  In  particular,  the  program  foresees  to  re-supply  the 
NPS  with  modem  seismic  control  equipment.  In  fiame  of  that  program,  the  State 
Scientific  Industrial  Association  “Metrology"  (Kharkov)  develops,  manufactures  and 
tests  the  various  types  seismic  sensors  intended  for  operation  at  die  NPS  prediction 
systems.  To  verify  those  sensors,  we  have  developed  pendulum  calibrator  allowing 
to  attest  it  directly  at  the  station.  It  is  foreseen  to  equip  all  the  Ukramian  NPS  with 
such  technique.  As  a  result,  the  NPS  reliability  and  safety  will  be  improved. 


ACTIVE  TECTONIC  STRUCTURES  IN  THE  PADANA' PLAIN: 
NEW  DISCRIMINATION  STRATEGY  FROM  A  JOINT  STUDY 
OF  GEOMORPHIC  AND  GEODETIC  LEVELING  DATA 

De  Martini  P.M.  (1),  Burrato  P.  (1)  and  Valensise  G.  (1) 

(1)  Istituto  Nazionale  di  Geofisica,  Roma,  Italy. 
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We  compared  geomorphic  anomalies  with  a  wave-length  comparable  to  that  of 
tectonic  structures  of  crustal  significance  (10-30  km),  with  elevation  changes 
from  successive  leveling  surveys  (1985-1953,  Italian  first  order  network)  for  two 
sample  areas  of  the  Padana  Plain,  located  near  Mantova  and  NW  of  Treviso. 
Both  areas  are  characterised  by  clear  anomalies  in  the  drainage  pattern,  which 
is  highly  sensitive  to  vertical  motions.  The  analysis  of  the  leveling  data  shows 
differential  elevation  changes  in  agreement  with  the  strain  field  inferred  from 
geomorphology.  For  each  area  we  estimated  the  geometric  and  kinematic  pa¬ 
rameters  of  the  crustal  fault  that  fits  best  the  observed  geomorphic  and  geodetic 
anomalies.  To  address  the  question  of  whether  the  fault  is  mainly  creeping,  as 
suggested  by  the  paucity  of  background  seismicity,  or  potentially  seismogenic 
we  compared  the  strain  rate  inferred  from  geodesy  with  that  derived  from  ge¬ 
omorphology.  We  found  that  the  geodetic  rate  (a)  accounts  for  only  a  small 
fraction  of  the  rate  detected  from  geomorphology,  and  (b)  does  not  seem  large 
enough  to  induce  the  observed  perturbations  of  the  drainage.  To  explain  the 
.  strain  surplus  inferred  from  geomorphology  we  suggest  that  the  hypothesised 
faults  could  generate  infrequent  earthquakes  up  to  M  6,2-6. 5,  which  would  in¬ 
duce  the  observed  instantaneous  yet  localised  diversions  of  the  water  flow. 


FAULT-FRAGMENTS  AND  RELATED  ACTIVE 
DEFORMATION:  IMPLICATIONS  FOR  THE  SEISMIC 
HAZARD  ASSESSMENT 

M  Meehraoui. 

ONDT  -  C.N.R.,  I.R.T.R.,  Italy,  e-mail:  must@irtr.tm.cnr.it 

We  study  examples  of  coseismic  surface  faulting  in  different  tectonic 
regions  and  it  appears  that  in  many  cases,  earthquake  faults  are  not 
characterized  by  straightforward  clearly  expressed  surface  raptures.  In  order 
to  address  this  problem  we  use  the  fault  fiagment  model  which  refers  to  the 
minimum  fault-area  for  which  the  coseismic  deformation  is  visible  at  die 
ground  surface  (Meghraoui  and  Camelbeeck,  1996).  The  maximum 
fragment  size  is  the  fault  rupture  for  which  L*  -  H/k|  (H  is  seismogenic 
layer  depth,  k|  constant  strain  level)  holds,  reaching  ~  10  km  rapture  length 
and  producing  lO'^  -  lO”  N.m.  of  moment-earthquakes.  Furdietmore,  the 
size  of  fault  fragments  coincides  with  the  dimension  limit  at  which  the  self¬ 
similar  behavior  of  earthquakes  mechanics  changes,  i.e.,  a  break  in  self¬ 
similarity  at  the  limit  between  small  and  large  earthquakes.  The  &ult 
fragment  may  represents  the  basic  crustal  element  by  which  the  seismic 
strain  is  released  in  active  zones  widi  distributed  deformation.  In  this 
context,  the  fault  emergence  and  visibility  might  be  controlled  by  local 
tectonic  pattern  (block  tectonic),  inherited  and  new  structures,  fault 
geometry  and  diinensions  and  related  earthquake-size.  In  many  active 
zones,  the  seismic  hazard  assessment  depends  on  a  complete  inventory  of 
fault  fragments  capable  of  producing  moderate-sizM  but  damaging 
earthquakes. 


TWO-WAY  COUPLING  BETWEEN  ERUPTIONS  AT  VESUVIUS 
AND  SOUTHERN  APENNINE  EARTHQUAKES  BY  ELASTIC 
STRESS  TRANSFER 

Nostro  C.  (1),  Stein  R.  S.  (2),  Cocco  M.  (1),  Belardinelli  M.  E.  (1)  and 
Marzocchi  W.  (3) 

(1)  1.  N.  G.,  Rome,,  (2)  U.S.G.S.,  Menlo  Park,  CA,  (3)  University  of  Bologna. 

During  the  past  thousand  years,  eruptions  of  Vesuvius  have  often  been  accom¬ 
panied  by  large  earthquakes  in  the  Apennine  chain  50-60  km  to  the  northeast. 
Statistical  investigations  had  shown  that  earthquakes  often  preceded  eruptions, 
typically  by  less  than  a  decade,  but  did  not  provide  a  physical  explanation  for 
the  correlation.  We  explore  elastic  stress  interaction  between  earthquakes  and 
eruptions,  under  the  hypothesis  that  small  stress  changes  can  promote  events 
when  the  Apennine  normal  faults  and  the  Vesuvius  magma  body  are  close  to 
failure.  We  show  that  earthquakes  can  promote  eruptions  by  compressing  the 
magma  body  at  depth  and  opening  suitably  oriented  near-surface  conduits. 
Voiding  the  magma  body  in  turns  brings  these  same  normal  faults  closer  to 
Coulomb  failure,  promoting  earthquakes.  Such  a  coupling  is  strongest  if  the 
magma  reservoir  is  a  dike  oriented  parallel  to  the  Apennines  and  the  near¬ 
surface  conduits  and  fissures  are  oriented  normal  to  the  Apennines,  This  pre¬ 
ferred  orientation  suggests  that  the  eruptions  issuing  from  such  fissures  should 
be  most  closely  linked  in  time  to  Apennine  earthquakes.  We  use  our  model¬ 
ing  results  to  select  those  earthquakes  and  eruptions  for  which  the  coupling 
is  favored  and  we  performed  a  new  statistical  analysis,  which  yields  a  better 
correlation  with  respect  to  the  Marzocchi  et  al.’s  [1993]  results. 


MAPPING  SUBSURFACE  FAULTS  USING  REALTIVE 
LOCATIONS  AND  FAULT  PLANE  SOLUTIONS  OF  MI¬ 
CROEARTHQUAKES 
S.  Tb.  Rvgnvaldsson  (1)  and  R.  Slunga  (2) 

(1)  Icelandic  Meteorological  Office,  Bustadavegur  9,  150  Iceland,  (2)  Uppsala 
University,  Solid  Earth  Geophysics  Programme,  Villavagen  16,  S-75236 
Uppsala,  Sweden. 
srOvedur.  is/Fax:  [354]  552  8121 

Relative  locations  of  clusters  of  similar  microearthquakes  can  be  determined 
with  uncertainties  less  than  10  m.  The  mean  distance  of  a  group  of  earthquakes 
from  the  best  fitting  plane  through  the  group  is  often  comparable  to  the  relative 
location  uncertainty  of  individual  events.  A  simple  interpretation  of  the  best 
fitting  plane  through  a  dense  cluster  of  earthquakes  is  that  it  coincides  with  the 
common  fault  plane  of  the  group.  Fault  plane  solutions  provide  independent 
estimates  of  fault  orientations.  These  methods  have  been  applied  to  tens  of 
microearthquake  clusters  in  Iceland.  In  the  transform  zones  in  north  and  south 
Iceland  the  fault  orientations  determined  in  this  manner  agree  closely  with 
field  observations.  Neat  the  Hengill  triple  junction  and  volcano  complex  in  SW 
Iceland  the  pattern  is  more  complicated  and  fault  orientations  often  deviate 
markedly  from  fault  aspects  determined  by  surface  observations. 
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SEISMIC  HAZARD  ASSESSMENT  BY  USLNC  ACTIVE  FAULT  DATA 

V.G.Trifonov*  and  T.P.Ivanova** 

*Geotogica(  Institute,  Russian  Academy  of  Sciences,  Moscow, 

**Institu!e  of  Dynamics  of  the  Geospheres,  Russian  Academy  of  Sciences,  Moscow 

The  Map  of  active  faults  of  Eurasia,  1 :5000000,  was  compiled  as  a  pan  of  the  ILP  Project 
11*2  “World  map  of  major  active  faults  To  find  the  general  criteria  of  intensity  of  active 
faulting,  the  components  of  tensor  of  recent  deformation  rates  were  calculated  and 
mapped  in  the  Atpine>Himalayan  collision  belt  by  using  active  fault  data.  Areas  of 
concentration  of  the  deformation  are  seen  in  the  maps.  They  form  wide  zones  along  the 
recent  plate  boundaries,  in  their  junctions,  and  along  some  other  active  fault  zones  of  the 
higher  seismicity.  Active  faults,  differentiated  by  their  activity,  were  used  (together  with 
some  parameters  ofselsmici^)  for  mapping  seismotectonic  domains  of  the  northern 
Eurasia  and  calculating  their  seismic  potential  (Shebalinetal.,  1995].  The  map  of  the 
domains  have  beCn  used  for  calculating  strong  motions  and  general  seismic  zoning.  To 
detailize  the  seismic  hazard  assessment,  active  tectonics  of  the  earthquake  source  zones  of 
the  Arabian-Caucasus  collision  region  were  studied.  Tectonic  regularities  of  crustal 
seismicity  are  not  limited  by  interaction  of  plates  and  crustal  blocks.  Our  studies  in  the 
North  Anatolian  fault  zone  showed  that  average  rate  of  the  seismotectonic  deformation 
(during  the  500-year  seismic  cicle,  not  the  XX  centure)  Is  higher  in  some  sites  than 
average  rate  of  the  plate  interaction  motion  because  of  higher  vertical  component  of  the 
seismic  displacements.  Thus,  some  local  factors  increase  rate  of  the  elastic  deformation 
and  produce  additional  vertical  seismic  displacements.  These  sites  are  located  in  the 
ophiolite  zones.  We  found  concenuation  of  strong  earthquake  epicentres  in  the  ophiolite 
zones  in  all  the  Arabian-Caucasus  collision  region.  Perhaps,  the  additional  vertical 
seismic  displacements  depend  on  stress,  produced  by  increase  of  volume  of  peridotites 
and  basalts  because  of  mineral  transformations  by  water  circulation  in  the  fault  zones. 
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RECONNAISSANCE  ASD  DESCRIPTION  OF  LANDSLIDE  DAMS 
OF  SEISNUC  ORIGIN  IN  SOUTH-EASTERN  SICILY 

G.  Adomi  (Istituto  di  Geotogia  e  Geofisica,  Catania,  Italy) 

P.G.  NicoIcttijfCNR-IRPI,  Iu)ges  di  Rendc,  Italy) 

M.  Parise  (Cm-CERIST,  Ban,  Italy) 

A.  Scaizo  (CNR-IRPI,  Roges  di  Rende,  Italy) 

Among  the  secondary  effects  induced  by  seismic  ground  shaking,  this  paper 
focuses  on  the  analysis  of  earthquake-triggered  landslide  dams.  \^en  an 
earthquake  occurs  and  is  strong  enough  to  trigger  slope  movements,  the 
blockage  of  a  river  is  frequent  in  narrow,  steep  valleys;  consequently,  an 
impoundment  upstream  of  the  landslide  forms  and,  if  tne  dam  does  not  fail, 
is  gradually  silted  up. 

A  sample  of  eight  earthquake-triggered  landslide  dams  in  SE  Sicily  is 
presented  and  discussed  in  this  p^r.  The  origin  of  these  landslides  is  most 
likely  related  to  the  occurrence  of the  strong  earthquakes  which  periodically 
shake  this  sector  of  Southern  Italy:  three  seismic  events  having  intensity 
equal  or  greater  than  X  in  this  millennium,  and  an  unknown,  but  presumably 
conspicuous,  number  of  comparable  events  in  previous  times. 

Each  landslide  dam  was  analyzed  in  relation  to  local  geology,  type  and 
dimensions  of  slope  movement,  presence  and  characters  or  silling  up 
deposits,  conditions  at  present.  The  list  of  relevant  question  proposed  by 
Schuster  and  Costa  (1986)  and  the  classification  scheme  proposed  oy  Costa 
and  Schuster  (1988)  were  followed,  in  order  to  obtain  descriptions  of  the 
landslide  dams  as  complete  and  consistent  is  P9ssible.  A  sketch  of  the 
overall  characteristics  or  these  dams  is  eventually  given. 

The  information  coming  from  this  work  could  be  used  for  a  twofold 
urpose:  1)  to  develop  a  database  of  earthquake-triggered  landslide  dams  in 
E  Sicily;  2)  to  evaluate  the  risk,  if  any,  related  to  the  actual  d^s. 
Furthermore,  the  analysis  of  landslide  dams  distribution  and  characteristics 
in  relation  to  main  seismogenic  areas  could  provide  useful  information  in  the 
attempt  of  identifying  the  most  ^ical  geomorphic  and  geologic  conditions 
under  which,  should  a  moderate  to  strong  earthquake  occur,  landslide  dzjns 
could  more  likely  develop. 


PALEOSEISMOLOGICAL  INVESTIGATIONS  ALONG  THE 
MOSCARELLO  FAULT,  MT.  ETNA  VOLCANO  (SICILY) 

Vittori  E.*.  Azzaro  R.**.  Feneli  L.***,  Michetti  A.M.***,  Serva  L.* 

•  Agenzia  Nazionale  per  la  Protezione  deU'Ambiente  (ANPA).  via  V  Brancati,  48 
00144  Roma.  Italy  -  email  vittori@dns.anpa.it 
••  GNDT c/o  Istituto  Intemazionale  di  Vulcanologia-CNR,  Catania.  Italy 
•••  GNDT,  ANPA  Research  Unit  c/o  ANPA  Roma.  Italy 

A  progr^  of  trench  investigations  and  geomorphological  analyses  has  been 
recently  initiated  at  Mt  Etna,  whose  eastern  flank  is  affected  by  very  active,  mainly 
NNW-SSE-striking,  norma!  faults,  the  “Timpe”  feult  system,  which  represents  the 
northermost  inland  extension  of  the  Malta  Escarpment.  This  study  focuses  on  the 
Moscarello  fault,  which  displaces  Late  pleistocene-HoIocene  lava  flows  and  alluvial 
^  deposits  for  a  length  of  ca.  10  km.  The  maximum  observable  throw,  more  than 
12Sm  in  less  than  100,000  years,  is  attained  in  the  northern  sector  of  the  fault,  that 
borders  the  Fondo  Macchia  tectonic  basin.  This  depression  has  hosted  some  of  the 
largest  earthquakes  occurred  in  the  volcanic  area,  with  generally  shallow  sources 
and  macroseismic  intensities  reaching  the  DC-X  degree  MSK.  Coseismic  surface 
faulting,  up  to  6  km  long  and  with  30  to  90  cm  of  vertical  offsets,  was  associated  to 
the  1SS5, 1865, 1911  and  1971  earthquakes.  Hence,  two  trenches  were  excavated 
along  the  1971  coseismic  scarp  at  Fondo  Macchia,  aiming  at  reconstructing  the 
fault  behaviour  on  a  longer  time-span  and  at  better  understanding  the  relationship 
between  the  “Timpe**  system  and  the  active  Malta  escarpment,  suspected  source  of 
the  major  earthqu^es  in  SE  Sicily.  Here,  the  first  results  of  stratigraphic  and 
geomorphological  analyses  and  radiocarbon  dating  are  presented. 
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UNffiRO-MARCHE  APENNINES  (CENTRAL  ITALY):  THE  CASE  OF  THE 
SEPTEMBER  -  NOVEMBER  1997  SEISMIC  EVENTS 

ARINGOLI  D.  (♦),  DRAMIS  F.  (••),  GENTILI  B.  (♦),  MATERA2ZI  M.  (•), 
PAMBIANCHl  G.  (•)  &  SCALELLA  G.  (•) 

(*)  Department  of  Earth  Sciences,  University  of  Camerino,  Camerino  (MC)  Italy 
(•♦)  Department  of  Earth  Sciences,  Third  University  of  Rome,  Rome  Italy 

During  autumn  1997  a  very  strong  sequence  of  seismic  events  struck  a  vast  area  in  the 
Umbro  -  Marche  Apennines,  an  east  verging  thrust  belt  made  up  in  Neogene  times  and 
subsequently  dislocated  by  normal  and  transcurrent  faults  which  are  still  active.  From 
September  26  (at  0.33  GMI)  to  mid-November,  five  main  shocks  (with  magnitude 
ranging  between  5.5  and  6.0  MW)  and  a  large  swarm  of  minor  shocks  caused  12 
deaths  and  detroyed  or  heavily  damaged  a  large  number  of  building  including 
historical  monuments  of  inestimable  value  such  as  the  monastery  of  S.  Francesco  in 
Assisi.  The  epicenters  were  located  around  the  Colfiorito  basin,  an  intermontane 
tectonic  depresion  berdered  by  NNW  •  SSE  trending  active  normal  faults.  The 
earthquake  produced  wide  spread  surface  effects  including  ground  fracturing  and 
faulting,  debris  compaction  and  a  large  number  of  gravitational  phenomena  of 
different  type  and  size.  Rapid  mass  movements  such  as  rock  fall,  debris  fall  and  debris 
flow  were  directly  trigger^  during  the  earthquake  shaking,  both  by  ground  fracturing 
and  oriented  accelerations,  while  slide  phenomena  in  clay-rich  materials  were 
activated  later,  mostly  after  heavy  rainfall  infiltration  through  open  gran  fractures. 
Also  deep  seated  gravitational  deformation  phenomena  on  limestone  slopes,  such  as  at 
Ml.  Frascare  and  Ml  Fcma,  were  ractiveted  by  the  earthquake  shocks,  even  at  some 
distance  from  the  epicentral  area.  All  the  above  phenomena  have  been  examined  and 
mapped  in  order  to  compare  their  distribution  pattern  with  that  of  the  isoselsmal  lines. 
The  resalting  data  may  be  useful  for  future  land  planning  and  management  in  the  area. 


GENESIS  OF  THE  SEISMODISI.OCaTJONS  IN  THE  EPICENTER  OF 
THE  RACIIA  earthquake 

L.  Basheleishvili 

Ceologfcal  Institute,  Georgian  Academy  of  Sciences 

(I>  The  destructive  Racha  earthquake  occured  on  April  29, 1991  in  the  northern  part 
of  Georgia.  The  earthquake  of  magnlhidc  M-6.9  and  intensity  In  epicentre  IX  (MSK 
scale)  had  a  focus  at  about  5km  depth.  (2)  Analysis  of  selsmodislocatiops  emerged 
in  rhe  epicentral  area  showed  ihai  they  arc  mainly  rockfalls,  landslides,  rock 
avalanches  and  displacements  In  unstable  degradational  slopes.  Much  rare  are  small 
amplitude  fractures  and  cracks,  especially  of  strike-slip  and  combined  character 
(reverse  fault-shear,  normal  fault-shear,  etc.).  The  latter  are  most  frequently  grouped 
in  N  or  NW  direction.  For  the  eartliqunke  of  such  great  energy  the  secondary 
di.siocailons  turned  out  to  be  dominating.,  whereas  tlie  primary  ones  have 
subordinate  character.  This  phenomenon  may  be  explained  by  intensely  dissected 
mountainous  relief  previously  prepared  by  tectonic  and  crosional  processes  and 
cnliflnccd  by  superimposing  &e  gravitational  effect.  (3)  Tlie  concentration  of 
landsIldc-avalanchc  manifestations  along  the  zone  of  the  deep  fault,  separating  the 
stable  Georgian  block  from  the  folded  zone  of  the  Southern  slope  of  the  Greater 
Caucasus,  in  our  opinion,  may  be  explained  by  complex  kinematics  of  the  coIILsion 
of  the  two  opposite-directed  mass  movements  separating  here  stnictural-tectonlc 
domains  of  the  Greater  and  Lesser  Caucasus. 
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WATER  BALANCE  MODEL  OF  A  LANDSLIDE  DAMMED  LAKE  IN 
THE  ANDES  OF  NW  ARGENTINA  (26°S,  efi’W) 

B.  Rnnichayen.  K.  Haselton,  M.H.  Trauth 

Institut  fiir  Geowissenschaften,  Universitat  Potsdam,  Germany 

bodo@geo.uni-potsdam.de 

A  water  balance  model  has  been  applied  to  a  paleolake  existing  about  35  kyr 
BP  in  the  Valles  Calchaquies  of  northwest  Argentina.  This  lake  resulted  from 
damming  of  the  Rio  de  las  Conchas  by  a  catastrophic  landslide  in  the 
tectonically  active  transition  between  the  Sierras  Pampeanas  and  eastern 
Cordillera  geologic  provinces.  Similar  to  other  ephemeral  lakes  in  northwest 
Argentina  the  existence  of  this  lake  coincides  with  the  Pleniglacial  wet  period 
(40  -  25  kyr  BP).  Field  observations  indicate  that  the  disappearance  of  the  lake 
was  due  to  clastic  infdl  rather  than  increased  evapration.  Paleoenviromental 
reconstructions  based  on  varved  lake  deposits  provide  detailed  information  on 
the  seasonality  of  river  discharge  and  sediment  sources  within  the  basin  and  are 
used  to  define  boundary  conditions  for  the  model.  Based  on  these  parameters, 
different  scenarios  were  developed  for  climatic  conditions  consistent  with  the 
existence  of  the  lake.  A  higher  precipitation  must  coincide  with  increasing 
cloudiness  and  a  weaker  wind-regime  combined  with  lower  temperatures  in 
order  to  establish  and  maintain  such  a  lake.  The  model,  adapted  from  Blodgett 
et  al  (1997),  incorporates  mean  cloudiness  and  wind  speed  as  well  as 
temperature  and  precipitation  in  estimating  evaporation  and  resulting  lake 
levels.  Additionally,  the  model  now  incorporates  new  modules  accounting  for 
spatial  variation  of  rainfall  and  distribution  of  source  rocks  in  the  catchment 
area. 


EARTHQUAKE-INDUCED  LANDSLIDES  IN  SAGUENAY  LOWLANDS 
(QUfBEC,  CANADA)  :  IMPACT  OF  THE  1663  CHARLEVOIX 
EARTHQUAKE 

C.  BLlgin  and  D.  Peiret 

Geological  Survey  of  Canada,  Quebec,  Canada  GIV  4C7,  cbegin@gsc.nrcan.gc.ca  / 
Fax:(418)654-2615 

Our  research  work  on  physical  impacts  of  the  July  1996  Saguenay  deluge  has  led  us  to 
define  a  14C-based  reconstruction  of  the  regional  dynamics  of  landslides.  Our  first  set 
of  dates  indicates  that  distinct  generations  of  landslides  have  dissected  postglacial 
marine  terraces  during  the  last  millennia.  Ages  related  to  the  most  recent  period  of 
extensive  landsliding  range  from  320 1 60  BP  to  240 1 40  BP  ;  once  calibrated  into 
calendar  years  (1627  -  1677  cal  AD),  they  are  centered  around  the  well-known 
February  1663  earthquake  in  Charlevoix,  100  km  away  from  the  Saguenay  region. 
Data  from  tree-ring  analysis  of  tree  trunks  buried  in  landslide  sediments  strengthen  the 
idea  that  the  14C-dated  landslides  were  triggered  by  the  1663  major  seismic  event. 
Precise  dating  of  a  large  number  of  landslides  in  the  Saguenay  region  provides  new 
insights  on  the  relative  importance  of  different  natural  causes  for  slope  failures  in 
postglacial  marine  clays.  It  also  contributes  to  establish  the  distribution  of  landslides 
induced  by  the  1663  earthquake.  In  addition  to  the  Mauricie  and  Charlevoix  regions 
where  large  landslides  have  previously  been  linked  to  the  1663  event,  the  Saguenay 
lowlands  are  another  region  where  this  M=7-i-  (estimated)  earthquake  had  strong 
geomoiphic  impacts. 


SPATIAL  HAZARD  ASSESSMENT  FOR  LANDSLIDES 
UNDER  SEISMIC  CONDITIONS 

RN  Chowdhury  (1).  P  FIcntje  d) 

(1)  &  (2)  Draartment  of  Civil,  Mining  &  Environmental  Engineering, 
University  of  Wollongong,  Wollongong,  NSW,  Australia  2500  Fax  -►61- 
2-42213238 

The  stability  of  natural  slopes  Is  influenced  by  geographical,  geological, 
geomorphological,  geotechnical  and  hydrological  factors.  Over  the  last 
fifty  years  or  more,  a  great  deal  of  research  has  been  carried  out  in  many 
countries  to  understand  the  fundamental  causes  and  mechanisms  of  slope 
instability.  Methods  of  geological  and  geotechnical  modelling  and 
analysis  have  been  developed  to  understand  landslides  which  have 
occurred  and  to  predict  future  instability.  The  roles  of  triggering  factors 
such  as  deforestation,  development,  rainfall  and  earthquuces  have  been 
explored.  It  is  now  acknowledged  widely  that  accurate  prediction  of 
slope  stability  is  often  difficult  due  to  uncertainties  concerning  geological 
details,  geotechnical  properties  as  well  as  triggering  factors.  Seismic 
effects  of  triggering  landsliding  are  highlighted  in  this  paper. 

In  this  paper,  attention  is  drawn  to  hazard  asse.ssment  facilitated  by  GIS- 
based  techniques  for  mapping  .and  risk  assessment.  So  far  this  approach 
has  been  validated  for  rainfall-triggered  landslides  in  the  Dlawarra  region, 
(t  is  argued  in  this  paper  that  a  similar  approach  can  be  developed  for 
seismically  active  regions.  Spatial  distribution  of  landsliding  can  be 
studied  in  a  rational  and  systematic  matmer  and  thus  spatial  'probabilities 
of  landsliding  can  be  correlated  to  geological  and  geotechnical  factors. 
The  methods  and  approaches  disemssed  here  enable  assessment  as  well  as 
updating  of  hazard. 


LARGE  APENNINE  LAND-SLIDES  ALONG  ITALIAN  ADRIATIC 
FOREDEEP  STUDIED  B3  L-T  RANSKORNIS  (\  ISCO-ELAS  ITC  DOMAIN) 

Till-  Adriatic  Slope  of  the  Apeiiiiiiie  Range  is  cliaracterised  by  a  miinlier  of  large 
landslides  -  pernianeiitly  affecting  rural  lands,  roads,  towns  and  also  risers  -  in 
particular  along  the  .Adriatic  Foredeep,  marked  liy  a  continuous  gravinietrical 
through,  modulated  hs  three  giasimetrical  highs,  located  near  the  geo- 
nuirphological  evidences  of  Monte  Conero,  Montagna  Maiclla  and  Monte 
Vulture.. 

In  the  frame  of  a  broader  geophysical  research,  scisnio-genetic  visco-elastic  geo- 
structures  have  been  suggested,  which  are  able  to  transfer  seismic  energies  to 
die  Earth  surface,  owing  to  viscous  connections  with  deep,  thin  viscous  geo¬ 
structures,  squeezed  by  African  Plate  effects,  also  according  to  the  secuiar  anti¬ 
clockwise  rotation  of  the  Italian  Penin  ula.  These  basic  models  al  e  suggested  by 
gravimetrical  maps,  lillered  al  siili-regional  scales:  their  squeezing  appears  to  lie 
one  of  the  major  geophy  sical  causes  of  landslide  generation  >,  ow  ing  to  imlli  the 
nearly  cniilinunus  motlifications  of  local  .sliqies  al  the  surface  and  the  triggering 
cHects  caused  by  very  frequent  earlliquakes. 

L-Transform  methods  help  to  deal  wilii  difl'erent  pos.sible  (also  underhand) 
approaches,  which  induce  unstable  masses  loealed  u|Hin  those  Apennine  slopes 
to  start  their  dangerous  trends. 


Surface  effects  induced  by  the  26.09.97  Umbria  -Marche  earthquakes 

E.Esposito"’,  S.  Porfido*'*,  A  T.  Simonelli*'* ,  G.  laccarino*’’,  G.  Mastrolorenzo*” 

•"  Gnippo  Nazionale  Difesa  dai  Teriemoti  del  C.N.R,  University  di  Napoli 
Federico  II,  Osservatorio  VesuviMO  (Napoli) 

Email:  Fehler!  Textmarke  nlcht  deflnlert.Fax:  +39  81  7683481 

In  the  paper  the  surface  effects  induced  by  the  26/9/97  earthquakes  which  stroke 
Umbria  and  Marche  regions  (central  Italy)  will  be  described  and  discussed.  The  two 
main  events  occurred  at  00h33m  and  09h40m  UTC,  with  magnimde  Mj  equal  to  5.5 
and  5.8  respectively  (ING,  1997).The  authors  have  examined  a  wide  area  (about  700 
Km’)  around  the  two  epicentral  zones.  The  effects  have  been  catalogued  in: 
rockfalls  and  landslides,  subsidence  phenomena,  hydrological  phenomena,  ground 
ftaemres.  Frequent  rockfall  phenomena  along  the  sides  of  the  roads  have  been 
observed.  Huge  phenomena  occurred  in  Stravignano-Bagni  and  Sorifa  towns,  where 
volumes  up  to  thousands  of  cubic  meters  failed  in  the  Travertine  rock  formation. 
Three  major  subsidence  phenomena  will  be  discussed,  which  occurred  at  Bagnara 
and  Le  Moline  towns  and  at  Acciano  Dam.  Ground  fractures  have  been  observed  all 
over  the  area;  their  areal  distribution,  length  and  orientation  have  been  studied,  and 
correlations  with  the  surface  faulting  systems  have  been  found  out. 


DEVELOPMENT  OF  A  LANDSLIDE  HAZARD  MAP  FOR  NORTHWEST 
ARGENTINA 

K.  Haselton.  R.  Hermanns.  B.  Bookhagen,  M.  Strecker 
Institut  fiir  Geowissenschaften,  Universitat  Potsdam,  Germany 
kirk@geo.uni-potsdam.de 

A  map  of  landslide  hazards  is  produced  for  northwest  Argentina  which  provides  a 
synthesis  of  geologic,  paleoclimate  and  modem  meteorological  studies  in  this 
area  (as  presented  in  this  session).  These  complementary  studies  have  described 
geological  preconditions  for  landslide  occurrence,  source  lithologies,  seismic 
triggers  and  required  relief  contrasts  as  well  as  indications  of  additional,  more 
frequent  events  in  the  past  resulting  from  moister  climates.  The  present  synthesis 
incorporates  these  results  with  modem  measures  of  rainfall  provided  by  satellite- 
based  retrievals  and  supported  by  ground  station  records  to  determine  regions  of 
particular  landslide  susceptibility  due  both  to  existing  preconditions  and 
likelihood  of  additional  rainfall  triggers.  Relevant  datasets  are  compiled  and 
analysed  within  a  Geographic  Information  System  (GIS)  focusing  on  topographic 
analysis  (slope  and  relief),  rainfall  (ground  station  and  satellite)  and  lithology 
(field  observations  and  Landsat  TM  classification).  This  analysis  identifies  areas 
of  potentially  higher  susceptibility  and  impact  due  both  to  rainfall  distribution 
and  existing  development. 
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DEEP-SEATED  GRAVITATIONAL  SLOPE  DEFORAUTIONS 
(DGSD)  AS  A  NATURAL  LABORATORY  OF  BRITTLE  ROCK 
DEFORMATION  -  IMPLICATIONS  TO  ROCK  SLOPE  HAZARDS. 

Siegfried  HERMANN,  Dept  ofGedQgyandPaleon(cilogy,Heiiiridistrasse26,  A-SOIOGia^ 
AuAia.  mail:  segfned.hcnnanri@kfingraz.ac.at  Fax;  4443  3 16  380  9870 

In  the  central  mountain  chain  of  the  Eastern  Alps  slope  instabilities  of 
Sackung  type  morphology  are  common  phenomenons.  Three  general 
types  of  Sackung,  interdependent  on  both  host  rock  lithologies  and 
inclination  of  the  main  foliation,  can  be  distinguished.  Thereby, 
surface  slope  failure  geometry  do  attest  normal  fault  tectonics. 
Associated  subsurface  structures  indicate  deformation  of  affected  host 
rocks  close  to  pure  shear  as  well  as  close  to  simple  shear  regime. 
Formation  of  new  generated  fractures  in  cooperation  with  reactivation 
of  preexisting  joints  provide  penetrative  and  also  deep  reaching 
relaxation  of  mountain  ridge  brickwork.  Ongoing  gravitational  creep 
of  relaxed  rock  masses  is  responsible  for  excessive  processes  of 
erosion,  increasing  provocation  of  large  scale  rock  avalanches  and 
torrentiality.  Especially  in  the  area  of  DGSD  rock  fall  events  are 
frequent.  Therefore,  these  movable  rock  masses  triggering  to  DGSD 
do  represent  sources  of  several  mass  movement  hazards  and  simply 
can  be  aktivated  by  earthquake  events. 


IMPORTANT  BOUNDARY  CONDITIONS  CONTROLLING  ROCK- 
AVALANCHE  DISTRIBUTION  IN  SEMI-ARID  NW-ARGENTINA 

R.M.  Hennanns.  M.R.  Strecker,  M.H.  Trauth,  K.  Haselton 
(Institut  far  Geowissenschaften,  Universitiit  Potsdam,  Germany) 
hermanns@rz.uni-potsdam.de 

Landsat  TM  analysis  of  the  semi-arid  Puna  and  adjacent  Eastern  Cordiiiera  and 
Sierras  Pampeanas  (24°  -  28°  S)  has  reveaied  the  existence  of  at  ieast  S3  roctc- 
avalanche  deposits  with  volumes  in  excess  of  10^  m‘  formed  by  the  collapse  of 
entire  mountain  fronts.  Their  spatial  distribution  is  not  random,  but  show 
remarkable  clustering  along  neotectonic  active  mountain  fronts.  Detailed  field 
studies  reveal  five  principle  controls  on  the  distribution  of  these  events.  The 
source  area  of  the  cock  avalanches  has  two  topographic  constraints,  vertical 
relief  contrasts  have  to  be  higher  than  a  threshold  of  400  m  G)  end  the  slope 
inclinations  have  to  be  steeper  than  20°  (11).  Furthermore,  rock  avalanches  occur 
in  three  types  of  lithology  (111).  granites,  low-grade  metamorphic  rocks,  and 
coarse  clastic  sediments.  Structural  controls  (IV)  are  very  important.  All 
avalanche  deposits  occur  along  neotectonically  active  mountain  fronts.  In 
addition  planar  structures  like  bedding  planes,  exfoliation  joints,  minor  faults 
and  foliations  dip  in  all  cases  toward  the  valley.  Finally,  major  slide  clusters 
occur  along  mountain  fronts  which  eiroerienced  a  Quaternary  reverse-fault 
reactivation  of  former  strike-slip  faults  (V).  Although  three  of  the  major  slides 
are  abou.t  30  ka  old  and  may  correspond  to  a  more  humid  interval  in  South 
America,  the  trigger  mechanism  for  the  majority  of  these  landslides  is 
interpreted  to  be  seismic  shaking  in  accordance  with  important  landslide  events 
elsewhere. 


ASSESSING  HAZARDS  FROM  SEISMICALLY  TRIGGERED 
LANDSLIDES:  AN  OVERVIEW  OF  THE  STATE  OF  THE  ART 

Randall  W.  Jibson 

United  States  Geological  Survey 

jibson@gldvxa.cr.usgs.gov 

Landslides  are  a  major  cause  of  damage  in  most  large  earthquakes.  Triggered  land¬ 
slides  commonly  damage  and  destroy  homes  and  other  structures,  block  roads  and 
rail  lines,  sever  pipe  and  power  lines,  and  dam  streams  and  rivers.  Over  the  past  20 
years,  our  understanding  of  earthquake-triggered  landslides  and  their  impact  has 
increased  greatly.  In  particular,  significant  progress  has  been  made  in  (I)  charac¬ 
terizing  the  environments  that  are  most  susceptible  to  seismically  triggered  land¬ 
slides,  (2)  quantifying  the  relative  abundance  of  various  types  of  landslides  likely  to 
be  triggered,  (3)  documenting  the  threshold  shaking  conditions  needed  to  cause 
failure,  and  (4)  developing  methods  to  model  coseismic  landslide  deformation.  But 
even  in  light  of  this  progress,  several  fundamental  advances  are  still  needed  to  more 
accurately  predict  where  and  in  what  conditions  earthquakes  are  likely  to  produce 
widespread  damaging  landslides.  Some  innovative  research  aimed  at  advancing  the 
state  of  knowledge  includes  (I)  developing  simplified  methods  to  model  earth¬ 
quake-triggered  landslide  movement,  (2)  conducting  field  experiments  by  perma¬ 
nently  instrumenting  landslides  to  directly  measure  coseismic  landslide  ^havior, 
and  (3)  developing  methods  to  use  high-resolution,  computer-based  geographic 
information  systems  (GIS)  to  quantitatively  assess  and  map  regional  seismic  land¬ 
slide  hazards. 


OCCURRENCE  AND  EVALUATION  OF  LANDSLIDES 
GENERATED  BY  EARTHQUAKES 

David  K  Keefer 

U,S.  Geological  Survey,  343  Middlefield  Rd.,  Menlo  Park,  California  94023  USA 
dkeefet@mojave.wr.usgs.gov/Fax;  630-329-3163 

Seismic  shaking  is  one  of  the  main  agents  generating  landslides,  and  large 
earthquakes  may  produce  lens  of  thousands  of  landslides,  dislodging  more  than  a 
billion  cubic  meters  of  material  from  slopes  and  causing  significant  economic  losses 
and  casualties.  These  landslides  may  be  classified  into  three  main  categories:  The 
first  includes  such  highly  disrupted  landslides  as  nx:k  falls  and  debris  slides,  which 
occur  on  steep  slopes  and  are  overwhelmingly  the  most  abundant  The  second 
category  involves  deeper-seated  and  more  coherent  bodies  such  as  rotational  slumps 
and  translational  block  slides,  which  may  cause  considerable  damage  largely  because 
of  their  occurrence  on  gentler  slopes.  Ihe  third  category  includes  partly  to 
completely  liquefied  masses,  such  as  lateral  spreads  and  mud  flows,  which  may 
originate  on  still  gender  slopes.  The  total  area  affected  by  landslides  in  earthquakes 
with  magnitude,  M  may  be  approximated  by  the  regression  reladon  log,oA  s  M-3.46, 
where  the  area,  A  is  in  km’.  Ihe  total  volume  of  landslide  material  may  be 
approximated  by  the  relation  logigV  s  1.43M-2.30,  where  the  volume,  V  is  in  m’. 
Ihe  suscq)tibility  of  slopes  to  failure  may  be  evaluated  using  either  geologic  criteria 
or  engineering  slope-stability  analysis.  For  Ihe  most  common  types  of  landslides, 
the  most  important  geologic  characteristics  are  degree  of  weathering,  snength  of 
cementation,  fracture  spacing  and  openness,  and  ground-water  conditions. 


LA.NDSLIDE  HAZARD  .MA.VACE.MENT  A.VD  EREDICTIOX  OPTIONS: 
SOME  STRATEGIES  FOR  THE  SIlOaM  HIMALAYA.  INDIA 

AUtouri  Pnmod  Kmhra 

G.B.  Pant  Institute  of  Himalayan  Environment  and  Development,  Sikkim  Unit  P.O. 
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Sikkim  Himalayan  tennln  is  fttt^uently  affected  by  the  single  wont  natural  hazard 
manifested  as  landslides.  Tlbe  causes  are  characteristic  fragile  host  mountain  terrain 
accompanied  with  adverse  natural  events  as  well  as  anthropogenic  activities. 
Himalayan  region  in  general  is  considered  to  be  seismically  active.  Physiographically 
more  sensitive  zones  with  slope  instabilities  undergo  high  intensity  rainfatl.  The  most 
common  landslide  triggering  factor  here  is  the  cloud  bum  which  is  highly 
concentrated  rainfbll  over  a  small  area  lasting  a  few  hours.  The  earthquake  tremors 
with  epicentres  in  North  Eastern  states  preceeding  some  of  the  earlier  evenu  are 
believed  to  have  caused  instabilities  which  caused  landslides  later  on  during  high 
intensity  lainfall.  Therefore,  the  role  of  earthquakes  as  an  indirect  cause  contributing 
to  such  events  of  mass  movements  leading  to  loss  of  lives  and  other  related  impacts 
have  been  analysed.  This  study  is  aimed  at  evolving  risk  management  and  prediction 
strategies  taking  into  account  assessment  of  some  of  the  past  events  of  significance 
with  the  consideration  of  triggering  causes  preceding  these.  The  genent  geological 
set-up.  meteorological,  seismological  and  geo>«nvironfflental  factors  have  been 
correlated.  Following  are  the  overall  envisaged  approaches;  (i)  Idenrincation  of 
landslide  susceptibility  zones  for  sample  areas  based  on  high  resoludon  remote  sensing 
data,  topographic  maps  and  ground  level  observations,  (ii)  Identifying  areas  and 
meteorological  situations  that  ftvour  the  occurrence  of  cloud  burst,  (iii)  A  correlation 
of  susceptibility  zones  with  the  triggering  events  in  retrospect  to  establish  threshold 
facton  for  prediction,  (iv)  Strategies  to  prevent  and  reduce  ^e  damages  in  the  disaster. 
The  study  also  aims  to  demonstrate  the  utilization  of  Geographical  Information  System 
(CIS)  based  approach  for  an  effective  collection,  analysis,  storage  and  display  of 
information  for  the  management  ami  prediction  of  this  natural  hazard.  The  scope  of 
i^IicatioR  remains  wide  where  this  shall  be  of  assistance  to  the  planners,  policy 
makers  and  administrators  towards  hazard  prediction,  early  warning,  control  and 
management 


H^'BRID  PROBABILISTIC'DETERMIMSTIC  APPROACH  FOR  MAPPI.NG 
LANDSLIDE  VLXNERABILm’  TO  EARTHQUAKES  USING  CIS  TECH¬ 
NIQUES 

L.  Luzi  (!}.  F.  Pergalani  (l)and  F.  Bruni  (1) 

(t)  Istituto  di  Ricerca  sul  Rischio  Sismico.  Milano,  f1oriana@daphne.irrs.mi.cnr.it 
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Landslides  triggered  by  earthquakes  represent  a  common  phenomenon,  recent  expe¬ 
riences  (Umbria-Marche  event,  26/09/'97)  show  how  the  rote  of  unstable  slopes  is 
fundamental  for  post-earthquake  reconstruction  and  for  land  use  planning.  The  most 
common  approach  used  to  determine  slope  vulnerability  to  a  seismic  event  is  to  cal¬ 
culate  the  critical  horizontal  acceleration  (kc)  which  can  trigger  the  terrain,  using 
detenninistic  methods.  For  thin  soil  layers  on  hillside  slopes  the  infinite  slope  mode! 
is  commonly  used  for  individual  slopes,  but  recently  it  has  been  applied  over  large 
areas,  especially  after  the  increasing  rote  played  by  the  Geographic  Information 
Systems  (GIS),  whose  importance  is  mainly  due  to  their  capacity  of  storing,  updat¬ 
ing  and  analysing  data  in  relatively  short  time.  The  application  of  deterministic 
models  often  implies  the  detailed  knowledge  of  geotechnical,  geometric  and  hydro¬ 
geological  parameters  and  for  this  reason  the  application  over  large  areas  can  lead  to 
errors,  as  the  outcome  is  represented  by  unique  values  of  Kc.  To  overcome  this 
limitation  a  solution  can  be  a  parametric  analysis,  that  is  using  geotechnical  pa¬ 
rameters  varying  from  a  maximum  and  a  minimum  value  and  assuming  either  dry  or 
variable  saturation  condition  degrees.  The  suggestion  here  proposed  is  the  adoption 
of  statistical  techniques  to  obtain  a  distribution  of  Kc  values.  A  Monte  Carlo  simu¬ 
lation  is  proposed  adopting  probabilistic  distribution  of  geotechnical,  geometric  and 
hydrogeological  parameten,  through  the  following  phases:  identification  of  land¬ 
slide  mechanisms,  selection  of  slope  stability  method,  selection  of  terrain  unit,  input 
dau  layer  preparation,  analysis.  The  procedure  was  applied  on  an  area  of  the  Ser- 
chio  river  (Toscana.  Italy). 
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CLLMATE-TRIGGERED  VARIATIONS  IN  DIATOM  ASSEMBLAGES  IN 
A  PLEISTOCENE  LANDSLIDE-DAMMED  LAKE  IN  THE  VALLES 
CALCHAQUIES,  NW  ARGENTINA  (26°S,  66'»W) 

A.B.  Muller.  M.H.  Trauth,  M.R.  Strecker 

Institut  fur  Geowissenschaften,  UniversitSt  Potsdam,  Germany 

mueller@geo.uni-potsdam.de 

Two  massive  rock  avalanches  dammed  a  lake  in  the  Valles  Calchaquies,  NW 
Argentina  about  35  kyr  BP.  In  order  to  evaluate  climate  as  a  major  influential 
factor  in  rock-avalanche  development,  varved  deposits  of  this  lake  have  been 
studied  in  great  detail.  The  1  Co  10-mm-thick  varves  consisting  of  fine-grained 
detrital  material  are  topped  by  thin  layers  of  pure  white  diatomite.  From  diatom 
analyses  we  infer  a  significant  impact  of  climate-triggered  hydrological  and 
chemical  changes  on  the  ecolc^y  of  the  lake  ^stem.  During  the  wet  years 
characterized  by  an  enhanced  influx  of  reworked  re-rich  muds,  the  diatom  flora 
was  dominatea  by  the  planktonic  species  Cyclotella  agassizensis  Hakansson. 
During  ^e  following  drier  years,  Amacoseira  granulata  (Ehrenberg)  Simonsen 
were  abundant.  For  these  dry  years  increasing  numbers  of  the  morphotype 
Aulacoseira  granulata  f.  curvata  are  observed.  According  to  modem  ecological 
observations  of  similar  species,  we  interpret  the  increased  Fe-supply  as  the  most 
likely  trigger  for  the  dramatic  increase  in  the  Cyclotella  population.  The  shifts 
towards  higher  numbers  of  the  curved  Aulacoseira  indicates  gradually  decreased 
Si  supply  in  the  water  body  during  the  dry  years.  These  climate-triggered 
changes  in  the  lake  ecology  show  mean  penoaicities  of  3-5  and  10-13  years 
suggesting  an  influence  of  the  El  Nino/Southern  Oscillation  teleconnection  and 
tropical  Atlantic  sea-surface  temperature  dipole.  These  climate  oscillators  also 
influence  modern  rainfall  but  with  different  intensity.  The  reconstruction  of  this 
interannual  rainfall  variability  is  of  great  importance  in  the  assessment  of  the 
role  of  climate  in  landslide  generation.  Moreover,  the  dynamics  of  the  paleo- 
lake  provides  important  constraints  for  a  lake  balance  model  (presented  in  this 
session). 


EARTHQUAKE  RELATED  LANDSLIDES  IN  GREECE 
G.  Papadopoulos 

Institute  of  Geodynamics,  National  Observatory  of  Athens,  IISIO  Athens, 
Greece,  g.papad@egelados.gein.noaLgr 

The  area  of  Greece  is  the  most  seismically  active  in  Western  Eurasia.  A 
large  number  of  strong  earthquakes  have  been  reported  to  cause  landslides 
and  other  ground  failures.  An  effort  has  been  made  to  compile  data  on 
earthquake  related  landslides  in  Greece  from  the  antiquity  up  to  the 
present  Preliminary  results  have  been  obtained  on  the  landslide 
characteristics,  the  maximum  epicentral  distance,  D,  at  which  they  may 
occur  as  a  function  of  the  earthquake  magnitude,  M,  and  the  frequency  of 
landslide  occurrence  as  a  function  of  M.  The  results  are  compared  with 
those  reached  at  other  regions  of  the  world  and  are  discussed  as  for  their 
value  for  sebmic  and  lantblide  hazards  assessment 


A  SEISMIC  LANDSLIDE  SUSCEPTIBILITY  RATING  OF 
GEOLOGIC  UNITS  BASED  ON  ANALYSIS  OF 
CHARACTERISTICS  OF  LANDSLIDES  TRIGGERED  BY  THE 
JANUARY  17, 1994,  NORTHRIDGE,  CALIFORNU,  EARTHQUAKE 

M.  Parise  (CNR-CERIST,  Bari.  Italy) 

R.W.  Jibson  (U.S.  Geological  Survey,  Denver,  Colorado,  USA) 

One  of  the  most  significant  geologic  effects  of  the  17  January  1994 
Northridge.  California,  earthquake  (M-  6.7)  was  the  triggering  of  thousands 
of  landsudes  over  a  broad  area.  Some  of  these  landslides  damaged  and 
destroyed  homes  and  other  strucnires,  blocked  roads,  disrupted  pipelines, 
and  caused  other  serious  damage.  Analysis  of  the  distribution  and 
characteristics  of  these  landslides  is  important  in  understanding  what  areas 
may  be  susceptible  to  landsliding  in  future  earthquakes.  We  analyzed  the 
frequency,  distribution,  and  geometries  of  triggers  landslides  in  the  Santa 
Susana  7.5'  quadrangle,  an  area  of  intense  seismic  landslide  activity  near  the 
earthquake  epicenter.  Landslides  occurred  primarily  in  young  (late  Miocene 
through  Pleistocene)  uncemented  or  very  weakly  cemented  sediment  that 
has  been  repeatedly  folded,  faulted,  ana  uplifted  in  the  past  1.5  million 
years.  The  most  common  types  of  landslides  triggered  by  the  earthquake 
were  highly  disrupted,  shallow  falls  and  slides  of  rock  and  debris.  Far  less 
numerous  were  deeper,  more  coherent  slumps  and  block  slides,  primarily 
occurring  in  more  cohesive  or  competent  materials.  The  1,562  landslides  in 
the  Santa  Susana  quadrangle  were  divided  into  two  samples:  single 
landslides  (1.502)  and  landslide  complexes  (60).  which  involved  multiple 
coalescing  failures  of  surficial  material.  Landslide  morphologies  were 
described  by  computing  simple  morohometric  parameters  (area,  length, 
width,  aspect  ratio,  slope  angle).  To  quantify  and  rank  the  relative 
susceptibiiiw  of  each  unit  to  seismic  landsliding,  we  calculated  the 
proportional  landslide  area  and  frequency  of  landslides  within  each  geologic 
unit.  Susceptibility  categories  include  Very  High  Susceptibility  (>  5% 
landslide  area  or  >  30  Is/km-),  High  Susceptibility  (1-5%  landslide  area  or 
10-30  Is/krn').  Moderate  Susceptibility  (0.5-1%  landslide  area  or  3-10 
Is/kmO.  and  Low  Susceptibility  (<  0.5%  landslide  area  or  <  3  Is/km*). 


EARTHQUAKE-INDUCED  GROUND  FAILURES  IN  ITALY 
Roberto  Romeo 

Servizio  Sisraico  Nazionale,  Rome  (Italy) 
e-mail;  romeo@ssn.dstn.pem.it 

ABSTRACT. 

The  National  Catalogue  of  the  ground  Displacements  Induced  by 
strong  Earthquakes  in  Italy  (C.E.D.I.T.,  release  1.1),  is  here  presented. 
The  catalogue  contains  information  regarding  the  soil  displacements 
triggered  by  the  earthquakes  occurred  in  Italy  in  the  last  millennium 
with  a  nominal  epicentral  intensity  equal  to  or  greater  than  8  in  the 
MCS  scale.  The  catalogued  effects  are  the  following:  landslides, 
liquefaction,  surface  faulting  and  fractures,  topographic  changes  of  the 
ground  level  (subsidence,  settlements,  and  so  on).  Each  effect  is 
described  in  terms  of  seismological  parameters  of  the  triggering 
earthquake,  site  coordinates  and  administrative  code,  lithology  and 
kinematics  type  of  phenomenon.  The  historic  or  scientific  source 
referring  to  the  effect  is  always  preserved,  to  allow  a  retrieval  of  the 
deduced  phenomena. 


SEISMICALLY-INDUCED  LANDSLIDE  DISPLACEMENTS:  A 
PREDICTIVE  MODEL. 

Roberto  Romeo 

Servizio  Sismico  Nazionale,  Rome  (Italy) 
e-mail:  romeo@ssn.dstn.pcm.it 

ABSTRACT. 

A  model  for  predicting  earthquake-induced  landslide  displacements  is 
shown.  The  model  has  the  purpose  to  provide  a  simple  way  to  predict 
the  coseismic  displacements  affecting  a  sliding  mass  subject  to 
earthquake  loading.  Critical  accelerations  are  investigated  with  regard 
to  the  mechanical  soil  properties,  pore  pressure  distribution  and 
geometrical  configuration  of  the  slopes.  The  acting  seismic  forces  are 
investigated  in  terms  of  energy  radiation  of  the  source,  propagation 
and  site  effects,  based  on  190  accelerometric  recordings  coming  from 
17  Italian  earthquakes  with  magnitude  between  4.5  and  6.8. 

The  implemented  displacement  model  is  the  well-known  Newmark 
sliding  hoick  model,  improved  by  taking  into  account  the  degradation 
of  the  mechanical  soil  caracteristics. 


STUDYING  THE  SLOPE-PROCESSES  IN  SEISMIC-ACTIVE 
REGIONESWITH  THE  HELP  OF  REMOTE  SENSLNG 

V.D.  Skaryalin,  M.G.  Makarova,  Russia,  RUDN,  Ecology  department, 
Ecology@ns.eco.pfu.edu.  ru  T.J.  Zengina,  M.J.Nikitin,  Russia,  Moscow  State 
Univeisity,  Geogiafical  department,  gorshk@env.geogr.msu.su 

This  method  was  used  and  examined  at  4  objects  in  seismic-  active  regions  in  Middle 
Aisa  and  the  Caucasus  alpine  belt.  In  the  region  of  Haitskoye  earthquake  of  1949  in 
Middle  Aisa  the  mud-rock  flood  over-covered  the  settlement  Haite.  The  heigiiit 
sediment  there  is  about  40m.  After  the  earthquake  in  the  North  Caucasus  in  1970  the 
mudstream  darned  river  Sulak.  In  Dagestan  near  settelment  Mochok  was  formated  the 
mountain  lake  with  the  depth  of  70m  as  a  result  of  movement  of  the  huge  masses  of 
rocks.  The  formation  of  mud-torrent  was  stopped  by  engineer-geological  works.In  the 
region  of  Djavskoye  eathguake  in  South  Osetya  in  1991  river  Patsa  was  danied  by  the 
large  landslide  and  formated  lake  was  a  real  danger  for  the  settlement  Tshinval.  In  all 
these  cases  theodolilic  and  Held  survey  was  made  and  aerial  survey  materials  obtained 
before  the  earthquakes  and  after  them  were  also  deciphered. 
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THE  ROLE  OF  CLIMATE  AS  A  PREPARATORY  OR  TRIGGERING 
FACTOR  IN  THE  GENERATION  OF  CATASTROPHIC  LANDSLIDES  IN 
NW  ARGENTINA 

M.H.  Trauth.  A.B.  Muller,  M.R.  Strecker 

Institut  fiir  Geowissenschaften,  UniversitSt  Potsdam,  Germany 

trauth@geo.uni-potsdam.de 

In  seismically  active  regions  the  deposits  of  landslide-dammed  lakes  can  be 
used  as  natural  archives  tor  past  seismic  activity  and  climatic  shifts  as  possible 
trigger  mechanisms  for  mass  movements.  Here  we  present  first  evidence  that  the 
temporal  clustering  of  landslides  in  NW  Argentina  could  be  related  to  both 
enhanced  humidity  and  seasonality.  First,  new  AMS  radiocarbon  data  from  the 
deposits  of  landslide-dammed  lakes  in  the  Valles  Calchaquies  (S26°  W66°)  and 
the  Que.  del  Toro  (S25°  Wdb")  show  that  these  mass  movements  occurred 
during  the  Pleniglacial  wet  period  (40  -  25  kyr  BP).  During  this  time,  an 
intensification  of  the  South  Atlantic  anticyclone  and  a  meridional  contraction  of 
the  westerly  belt  lead  to  moderately  cold  and  relatively  wet  conditions  as 
reported  from  other  paleoclimate  records.  Second,  detailed  analysis  (presented 
in  this  session)  of  annual-layered  lacustrine  strata  suggest  enhanced  inter-  and 
intraannual  fluctuations  in  precipitation.  These  variations  show  mean 
periodicities  of  3-S  and  10-13  years  suggesting  an  influence  of  the  El 
Nino/Southern  Oscillation  (ENSO)  and  Atlantic  sea-surface  temperature  dipole. 
The  Atlantic  dipole  slightly  increased  rainfall  every  10-13  years  as  today.  In 
contrast,  the  past  ENSO  influence  was  different  from  the  present-day  situation 
due  to  spatial  shifts  in  ENSO-related  rainfall  anomalies  in  South  America. 
Whereas  modem  rainfall  is  reduced  during  El  Nino  eveiy  3-5  years,  the 
sedimentary  record  shows  strong  evidence  for  dramatic  rainfall  events  and  river 
discharge  with  ENSO-type  periodicites.  Both  increased  humidity  and  seasonality 
are  believed  to  reduce  thresholds  for  the  generation  of  catastrophic  mass 
movements  in  NW  Argentina. 


Influence  of  the  topographic  amplifications  under  dynamic 
loading  on  the  slope  stability. 


F.  Vanbrabant.  J.  A.  Fleurisson 

Centre  de  Geologie  de  I’lng^nieur,  Ecole  des  Mines  de  Paris. 
vanbrabant@ensmp.fr.  fleurisson@ensmp.fr 

The  evaluation  of  the  slopes  stability  under  dynamic  loading  requires 
the  determination  of  the  forces  of  inertia.  Up  to  now,  the  usual 
practices  (pseudostatic  or  Newmark  methods)  consider  an  uniform 
distribution  of  these  forces  within  the  slope.  In  reality,  forces  of  inertia 
vary  locally  within  the  slope,  and  result  from  the  interferences  between 
the  incident  waves  and  the  various  waves  reflected,  refracted  and 
diffracted  on  the  topography  and  the  internal  geological  structures.  At 
the  surface,  these  interferences  produce  amplifications  in  the  crest 
(topographical  site  effects),  loading  to  easier  shallow  instabilities.  In 
the  case  of  deep-seated  slides,  the  distribution  of  the  forces  of  inertia 
has  been  studied  as  a  function  of  the  slope  angle,  the  Poisson  ratio  and 
the  frequencies  of  the  incident  signal.  Transfert  functions  have  been 
built  for  computing  the  mean  accelerations  to  apply  to  the  potential 
unstable  mass. 


Monitoring  Aseismic  Siope  Activity  in  Northern 
Israel:  A  Key  to  the  Comprehensive  Assessment  of 
the  Seismic  Triggering  of  Landslides. 

Gilles  H.  Wust  and  Daniel  Wachs 

Geological  Survey  of  Israel,  93501  Jerusalem,  Israel 

(hilleI@mail.gsi.gov.il) 

Intense  seismic  activity  on  steep,  unstabie  slopes,  combined 
with  abundant  rainfaii  contribute  to  increase  the  present 
vulnerabiiity  of  popuiations  and  infrastructures  in  northern 
Israel  as  well  as  neighboring  areas.  Multi-disciplinary 
monitoring  of  the  non-seismic  activity  of  unstable  slopes  is 
the  first  step  towards  the  prediction  of  their  potential  co- 
seismic  behavior.  Located  in  an  area  known  for  its  current 
instability  and  past  sensitivity  to  earthquakes,  the  research 
site  consists  of  a  dip-slope  landslide  in  which  marls  and 
chalks  fail  on  bituminous  shales.  Monitoring  rainfall,  water 
table  level  fluctuation,  surface  and  subsurface  displacement 
and  radon  emission  during  the  last  24  months  has  led  to  the 
quantification  of  the  present  aseismic  slip  rate  and 
deformation  of  the  landslide.  Results  show  that  the  landslide, 
whose  slip  surface  lies  permanently  below  the  water  table,  is 
unaffected  by  rainfall,  and  slips  in  pulses  which  could  be 
significantly  enhanced  by  future  seismic  loads. 


EFFECT  OF  SEIShUC  DISLOCATIONS  ON  DEVELOPMENT  OF 
EARTHQUAKE  INDUCED  LA-NDSLIDES 

OlegV.Zerkal 

(Federal  Centre  of  Geoecological  Systems,  Moscow,  Russia) 
postmastei@ipofcgs.msk.ru,  fax  (095)  176-26-75 

The  earthquake  induced  landslides  are  one-of  the  types  of  seismic  dislocations. 
Therefore,  along  with  traditional  methods  of  slope  stability  analysis,  the  study  of 
earthquake  induced  landslides  should  include  the  estimate  of  the  effect  of  the 
dynamic  factor  at  seismic  impact  as  well  as  that  of  the  other  types  of  seismic 
dislocations  on  the  slope  stability. 

Studies  in  the  Gissar  village  area  (Tajikistan)  using  traditional  methods  to  estimate 
the  slope  stability  have  evidenced  no  landslide  danger.  However,  in  the  1989  Gissar 
earthquake  has  triggered  four  seismically-induced  landslides.  The  field  studies  the 
said  landslides  in  the  epicentral  zone  of  the  1989  earthquake  has  demonstrated  that 
the  catastrophic  slope  movement  had  been  preceded  by: 

-  the  formation  of  a  system  of  seismic  ruphites  which  have  disturbed  the  slope  mass 
continuity; 

-  liquefaction  of  heavily  wetted  loesses  sensory  to  dynamic  effect  of  the  slope  racks. 
Both  the  physical  modelling  and  mathematical  simulation  have  enabled  one  to 
specify  the  causes  and  mechanism  of  development  of  seismically-induced  landslides 
in  1989. 


MASS  MOVEMENT  AND  SEIShHC  HAZARDS  IN  CARAMAMCO 
TER.ME  (ITALY):  SOME  LINKS 

J.  Wasowski  f  1)  and  V.  Del  Gaudio  (2) 

(t)  Cnr-Oerist  Bari,  Italy,  wasowski@area.ba.cnr.it;  Fax:  +39-80-5567944 
(2)  Dipartimento  Geotogia  e  Geofisica,  University  di  Bari;  scigeddi@tno.it 

Mass  movements  and  earthquakes  represent  two  major  geological  hazards  in 
the  municipal  territory  of  Caramanico  (south-central  Apennines).  Most  of 
the  recent  damaging  landslides  can  be  associated  with  periods  of  prolonged 
precipitation,  represent  remobilizations  of  older  slides  and  exhibit  low 
velocity.  Thus  their  space  distribution  may  be  predicted  and  the  temporal 
occurrence  anticipated  in  reference  to  rainfall/groundwater  monitoring.  This 
means  that,  despite  their  considerable  size  and  frequency  (resulting  in  large 
economic  losses),  the  rainfall-driven  movements  represent  a  low  risk  to 
humans.  The  slo^  failure  hazard  in  relation  to  earthquake  triggering  has 
received  linie  attention  although  the  seismicity  of  the  area  is  high.  The 
intensities  up  to  IX  degree  (MCS)  were  estimated  for  two  historic  events 
(1456  and  1706),  whereas  intensity  Vll-VIII  was  reached  twice  in  this 
century.  Seismic  hazard  evaluations  indicate  that  intensiw  and  PGA  have 
lOVo  probability  to  exceed  respectively  the  thresholds  of  Vul  and  0.2  g  in  50 
years.  The  contemporaneous  occurrence  of  seismic  shocks  and  landsliding 
was  registered  on  three  occasions  in  the  last  four  centuries  (1627,  1706, 
1984).  These  events,  with  local  intensities  ranging  from  VI  to  IX  generated 
mass  movements  v^ing  from  a  full-scale  multiple  rotational  slope  failure 
to  rock/dehris  falls.  They  all  occurred  in  the  southern  periphery  of  the  town, 
where  the  debris-mantled  hillslopes,  underlain  by  overconsolidated 
mudstones,  are  capped  by  up  to  tOO  m  thick  carbonate  megabreccias.  After 
examining  the  1984  event,  which  produced  several  rockfalls  (with  some  car¬ 
sized  blocks  reaching  the  toads  and  inhabited  area),  this  paper  draws 
attention  to  the  rockfall  hazard.  Although  an  accurate  definition  of  rockfall 
susceptible  areas  can  be  derived  from  a  site-specific  geological/geoiechnical 
investigation,  the  possibility  of  seismic  triggering  complicates  the  prediction 
of  the  temporal  occurrence.  The  probabilisuc  estimates  of  future  events  may 
be  of  limited  practical  value  to  local  administrators  concerned  with  short¬ 
term  hazard  reduction. 
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NATURAL  FREQUENCIES  OF  STRUCTURES  BASED  ON  SIMPLIFIED 
IN  SITU  MEASUREMENTS 
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06  Efficiency  of  building  codes  in  the  mitigation 
of  the  vulnerability 

Convener:  Petrini,  V. 

Co-Convener:  Pujades  Beneit,  L.G. 


Carlos  Sousa  Oliveira  ( 1 ). 

(1)  Departamento  de  Engenharia  Civil,  Instituto  Superior  Tecnico. 

The  recent  development  of  digital  acceleromelric  instrumentation  which  allows  a 
simple  utilization,  processing  and  interpretation  of  results,  has  permitted  to  launch 
a  campaign  to  determine  natural  frequencies  of  vibrations  of  a  large  variety  of 
different  types  of  structures. 

The  measurements  of  ambient  noise,  that  excites  the  structures,  are  made  in 
different  locations  with  a  single  3-D  instrument,  and  natural  frequencies 
corresponding  to  the  lowest  modes  of  vibration,  and  their  damping  characteristics 
are  easily  identified. 

Over  250  structures,  among  which  are  included  buildings  of  different  types  and 
heights,  bridges,  old  monuments,  elevated  water  tanks,  etc.,  were  already  tested, 
giving  rise  to  a  databank  of  information.  To  illustrate  the  interest  of  the  data,  a  few 
examples  of  correlation  of  frequencies  with  geometric  properties  of  structures  are 
given. 


EMPIRICAL  DETERMINATION  OF  BARCELONA’S  BUILDINGS  NATURAL 
PERIODS  BY  USING  BACKGROUND  CULTURAL  NOISE 

J.O.  Caselles  (1),  F.  Esoinnza  fl.21.  L.G.  Pujades  (1),  J.A.  Canas  (3)  y  J.  Clapps  (1) 
(I)Universidad  Politdcnica  de  Cataluha  (UPC).  Barcelona,  Spain.  (2)  Universidad  Au- 
tdnoma  de  Baja  California  (UABC).  Ensenada,  B.C.,  Mexico.  (3)  Instituto  Geogrifico 
Nacional  (IGN).  Madrid,  Spain.  e_mail:  espinoza@elseccpb.upc.es/Fax;  (93)4016504. 

For  structural  design  purposes,  seismic  codes  specify  formulas  to  estimate 
fundamental  vibration  periods  of  the  buildings.  It  is  important  to  adapt  these  empirical 
formulas  to  local  constructive  characteristics  where  will  be  applied.  In  Barcelona, 
Spain,  we  are  performing  seismic  risk  studies.  An  impoitant  input  for  a  correct  seismic 
risk  assessment  are  the  fundamental  periods  of  the  buildings.  We  have  used 
background  cultural  noise  as  a  source  of  excitation  and  we  have  recorded  the 
building's  response.  The  records  have  been  taken  in  the  uppermost  part  of  the 
buildings.  Our  goal  is  to  obtain  an  empirical  formula  linking  fundamental  period  to 
some  building's  characteristics  like  constructive  typology,  dimensions,  number  of 
stories,  height  and  others.  We  present  preliminary  results  obtained  from  the 
measurements  performed  in  more  than  50  buildings  corresponding  to  the  main 
constructive  typologies  of  Barcelona. 


SEISNUC  RISK  STUDIES  IN  BARCELONA,  SPAIN 

U.  Mena  (1),  L.  G.  Pujades(l),  J.  A.  Canas(2)  and  F.  Ldpez-Almansa(l) 

(1)  Technical  University  of  Catalonia.  Geotechnical  Engineering  and  Geosciences 
Department.  (2)  Instituto  Geogrdfleo  Nacional 

A  methodology  to  evaluate  the  vulnerability  and  seismic  risk  of  existing  buildings 
in  an  urban  area,  within  a  probabilistic  scheme,  is  developed.  It  uses  numerical 
procedures  to  evaluate  the  non-linear  seismic  behaviour  of  structures,  on  an 
optimized  sampling  method  and  probabilistic  models  for  the  description  of  the 
obtained  results.  This  method  provides  occurrence  probabilities  for  different 
damage  levels  of  the  structures,  corresponding  to  a  given  exposure  period.  The 
problem  is  also  analyzed  from  an  economical  point  of  view:  annual  losses  and 
minimum  earthquake  insurance  taxes  are  evaluated.  Finally,  the  proposed  method 
is  applied  to  the  assessment  of  the  seismic  risk  of  the  Barcelona  city,  Spain,  where 
most  of  the  existing  buildings  are  of  unreinforced  masonry  or  non-ductile  reinfor¬ 
ced  concrete. 


PROBABILISTIC  APPROACH  TO  BUILDLN'G  CODE  CONSTRUCTION. 
V.Yu.Sokolov  (1) 

{l)LenhydrMroject,  pr.  Ispytateley  22,  St.Petersburg,  RUSSIA  197227 
E-mail;  vus@info.rasI.spb.tu 

Design  seismic  forces  depend  on  peak  ground  acceleration  values  (PGA)  and  on 
shape  of  design  spectrum  (DS)  curve  dictated  by  Building  Codes. 

Underestimation  of  PGA  or  wrong  evaluation  of  DS  shapes  may  cause  great 
damage  of  structures.  These  characteristics  strictly  depend  on  earthquake 
magnitude  and  distance,  as  well  as  on  regional  and  local  geological  conditions.  At 
present  there  is  no  doubt  that,  instead  of  standard  DS  curves,  it  is  necessary  to 
construct  so-called  "site-specifics"  design  spectra  reflecting  influence  from 
different  ma^nittide  event  at  different  distances  that  may  occur  during  the 
construction  life  period. 

Probabilistic  seismic  hazard  assessments  in  terms  of  ground  motion  Fourier  and 
response  spectra  allow  us  to  account  for  both  regional  features  of  seismic  waves 
excitation  and  propagation,  as  well  as  local  geological  conditions. 

It  is  posible  to  construct  Design  Spectrum  curves  for  different  return  period 
(probability  of  exceedence)  considering  ordinary,  public  and  critical  structures.  In 
this  paper  the  comparisons  between  probabilistic  "region  &  site-specific"  and 
standard  Design  Spectrum  curves  are  shown  for  territories  characterized  by 
different  seismicity  and  tectonics:  the  South  Caucasus  (Armenia,  Spitak)  and 
Turan  Plate  (Central  Asia,  Gazli). 


COMPARISON  OF  LOSSES  BEFORE  AND  AFTER  SEISMIC  RESISTANT  CODES; 
APPLICA'nON  TO  AN  URBAN  AREA 

Maria  Lufu  Sousa  (I).  Alfmio  Cvnpos-Cofta  (2).  Carios  Sousa  Olivein  (3) 

Cciuro  de  Esnidos  e  Equipainento  de  En|.  Sistnica.  Lab.  Nacioaal  de  Enf .  Civil.  (2)CeDtn>  de  Escudos  e  Equtpamento 
de  Eng.  Sismica.  Labocaidrio  Naciona)  de  Eng.  Civil.  (3)  Depanamento  de  Engenharia  Civil.  Instituto  Superior 
Ti^ico. 

Earthquake  losses  affecting  a  given  stock  of  buildings  in  an  urban  area  are  analysed 
estimating  the  probability  distribution  of  losses.  A  comparison  of  losses  is  made  for  two 
categories  of  buildings:  (i)  the  ones  constructed  before  the  existence  of  seismic  resistant 
building  codes  and  (ii)  the  others  constructed  after  their  implementation.  Probabilistic 
methods  for  evaluation  of  seismic  losses  are  used  taking  into  account  both  (i)  the  seismic 
hazard  in  the  area  and  (ii)  the  seismic  vulnerability  and  fragility  of  the  existing  building  stock 
under  consideration.  Ihe  probabilistic  distributions  of  hazard  and  vulnerability  are  convolved 
and  weighted  by  spatial  distribution  of  building  inventory.  Hazard  estimation  is  based  on  a 
standard  approach  involving  the  evaluation  of  a  seismic  source  model,  the  recurrence  model 
and  the  attenuation  of  macroseismic  intensities  taking  into  account  local  soil  geology. 
Vulnerability  (mean  damage  ratio)  for  different  typologies  that  take  into  account  the  age, 
type  of  construction  and  height,  was  modelled  as  a  function  of  the  seismic  coefficient:  five 
typologies  before  the  first  seismic  resistant  code,  two  after  its  implementation  and  two  after 
djc  application  of  the  most  modem  seismic  code.  For  each  typology,  a  mean  damage  ratio, 
function  of  seismic  coefficient  and  macroseismic  intensity  was  adopted.  For  each  typology  a 
lognormal  distribution  was  considered  to  characterize  the  observed  randomness  of  damage 
values,  given  the  occurrence  of  a  macroseismic  intensity  (fragility.  The  probability  of  losses 
Is  obtained  for  several  reference  time  intervals  by  convolving  hazard  and  fragility 
distributions.  To  illustrate  the  developed  method,  application  to  different  parishes  in  the  city 
of  Lisbon  is  made.  For  each  parish  the  soil  condition  and  the  distribution  of  building  types  is 
known.  The  probability  distribution  of  losses  is  evaluated  for  individual  parishess  or  groups 
of  parishes  taking  into  consideration  the  analysis  of  uncertainties  of  the  most  important 
parameters. 
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SEISMIC  HAZARD  ASSESSMENT  OF  THE  TERRITORY  OF  LENIXAKAN 
(NOWGYUMRIJIEPUBLIC  OF  ARMENIA)  BY  MEANS  OF  THE  METHOD 
OF  HIGH-FREQUENCY  ^^CROSEISM  REGISTRATION 

H.  Ahrahamvan.  G.  Mkrtchyan 

Institute  of  Geophysics  and  Engineering  Seismology  NAS  RA 
iges@shirak.am 

After  the  disastrous  Spitak  earthquake,  which  took  place  on  December  7,  1988 
(M^7.0),  the  problem  of  seismic  microzonation  of  the  territory  of  Leninakan  and 
neighbouring  settlements  arose.  We  had  set  a  task  •  to  draw  up  a  seismic  hazard  map 
for  the  territory  of  Leninakan  by  means  of  high  frequency  microseism  registration  only. 
Observation  stations,  the  total  numberof  which  was  about  300,  were  chosen  proceeding 
from  the  degree  of  building  destruction,  and  not  from  the  engineering-geological 
conditions  of  the  given  territory.  Thus,  they  spread  all  over  the  town  and  neighbouring 
settlements.  With  the  purpose  of  evaluating  the  Spitak  earthquake  intensity  in 
Leninakan  macroseismic  investigations  were  carried  out.  The  degree  of  damage  of 
buildings  and  constructions  was  evaluated  according  to  MSK-64  scale.  The  earthquake 
intensity  in  the  town  was  equal  to  8,9, 10.  We  composed  the  seismic  hazard  map  of  the 
lerritoiy  of  Leninakan  by  means  of  the  method  of  high-frequency  microseism 
registration  and  compared  with  the  1)  map  of  the  Spitak  earthquake  intensity  in 
Leninakan  drawn  up  according  to  macroseismic  data;  2)  map  ofseismic  microzonation 
of  the  territoiy  of  Leninakan  drawn  up  by  means  of  the  complex  method.  Now  it  is  safe 
to  assert  that  the  composed  by  us  map  has  justified  itself,  as  the  distinguished  zones  of 
potential  seismic  intensity  turned  out  to  be  quite  corresponding  to  the  areas  of  display 
of  analogous  seismic  influence  intensity.  In  fact,  reliability  of  the  proposing  method  for 
the  given  territoiy  is  proved  by  practice. 


PRELIMINARY  MAP  OF  SOIL  PREDOMINANT  PERIODS  IN  BARCELO¬ 
NA  BY  USING  MICROTREMORS 

A.  Alfaro  (1),  X.  Goula  (2),  T.  Susagna  (2),  L.G.  Pujades  (1),  M.  Navarro  (3).  I. 
Sdnchez  (3)  and  J.  A.  Canas  (4). 

(1)  Technical  University  of  Catalonia.  Geotechnical  Engineering  and  Geosciences. 

(2)  Geological  Survey.  Institut  Cartogrilfic  de  Catalunya.  Barcelona.  Spain.  (3) 
Applied  Physics  Department.  University  of  Almerfa.  Almeria.  Spain.  (4)  Instituto 
GeogrSfico  Nacional. 

In  order  to  evaluate  soil  effects  in  the  urban  area  of  Barcelona,  the  Nakamura's 
technique  has  been  used  to  estimate  the  predominant  periods  of  soils.  The  measu¬ 
rements  were  performed  at  200  sites,  by  using  an  accelerograph  and  a  velocimeter. 
Predominant  periods  greater  than  0.8  s  are  obtained  in  areas  with  consolidated 
sediments,  named  “Tricicle”.  Values  in  the  range  between  0.5  and  0.9  s  are 
obtained  for  Llobregat  deltaic  deposits.  On  the  other  hand,  Bcsbs  deltaic  deposits 
present  higher  periods  than  Llobregat  delta  and  in  some  zones  surrounding  the 
outcrop  rock,  predominant  periods  between  0. 10  and  0.40  s  are  observed.  In  the 
outcrop  areas  we  obtained  periods  lower  than  0.10  s.  In  this  work,  the  resulting 
preliminary  map  of  predominant  periods  is  presented.  In  some  districts,  the 
evaluated  predominant  periods  show  a  reasonably  good  agreement  with  the 
geological  typologies  and  the  sediment  thickness;  other  factors  may  affect  the 
results  in  other  sites. 


EUROSEISMOD  LESSONS  FOR  MICROZONING  STUDIES 
Euroseismod  group  and  P.-Y.  Bard 

Laboratoire  de  Geophysique  Interne  et  Tectonophysique,  Observatoire  de 
Grenoble,  BPo3X,  38041  Grenoble  Cedex,  France. 

EUROSEIS.MOD,  a  European  project  gathering  16  teams  from  6  countries, 
includes  as  one  of  its  major  aims  the  test  of  various  routine  or  state-of-the 
art  methods  for  site  effect  analysis,  to  be  used  in  particular  in  microzonation 
studies.  This  presentation  will  focus  on  the  main  lessons  of  this  project. 

Based  on  data  from  a  very  well  known  test-site  located  in  the  Mygdonian 
graben  30  km  east  of  Thessaloniki,  as  well  as  on  a  few  other  sites,  a  thorough 
comparison  was  performed  on  various  methods  proposed  to  infer  site  ampli¬ 
fication  functions  from  instrumental  recordings:  the  main  conclusions  will  be 
presented,  especially  those  concerning  the  so-called  "Nakamura’s”  technique. 
A  benchmark  test  was  also  organized  to  compare  various  modelling  techniques 
providing  numerical  estimates  of  site  effects.  The  results  of  ID  linear,  ID  linear 
equivalent,  ID  non-linear,  and  2D  linear  models  will  be  presented,  through  a 
comparison  of  their  respective  estimates  of  "engineering"  parameters  such  as 
peak  or  rms  acceleration,  average  horizontal  spectral  amplification,  and  dura¬ 
tion.  The  effect  of  input  parameter  uncertainties  was  also  addressed  through 
Monte-Carlo  analysis. 

Finally,  as  the  project  also  includes  partial  microzoning  studies  in  various  cities 
(Lower  Tagus  area,  Barcelona,  Nice,  Grenoble,  Liege,  Benevento  and  Thessa¬ 
loniki),  several  examples  will  be  presented  in  order  to  support  a  proposal  for  a 
microzoning  methodology. 


STUDY  OF  SITE  EFFECTS  IN  THE  AREA  OF  NOCERA  UMBRA  (CENTRAL 
fTALY)  DURING  THE  1997  UMBRIA-MARCHE  SEISMIC  SEQUENCE 

Bellucci  F.  (1),  A.  Caserta  <1V  G.  Culirera  (I),  S.  Donati  (1),  F.  Marra 
(l).c.  Mele  (I),  B.  Palombo  (1),  A.  Rovelli  (1) 

(1)  Islitulo  Nazionale  di  Geofisica,  Rome,  Italy 
cascrta@ing750.ingrm.it 

The  town  of  Nocera  Umbra  and  neighbouring  villages  were  severely 
damaged  by  the  September  26,  1997  earthquake  at  09:40  (GMT)  and  its 
large.st  aftershock.s.  In  order  to  investigate  the  role  played  by 
geological  conditions  and  topography  on  the  level  of  damage.  S  seismic 
portable  stations  were  used  to  monitor  8  sites.  The  studied  area 
includes  the  transition  zone  from  the  Recent  sedimentary  filling  of  the 
Topino  River  valley  and  the  outcropping  unit  of  Umbria-Marche 
carbooatic  sequence,  which  constitutes  the  hill  where  the  historical 
centre  of  the  town  stands.  More  than  300  three-component  recordings 
were  selected  to  quantify  the  variation  of  ground  motions  recorded  by 
the  stations.  All  the  analysis  methods  (.spectral  ratios  using  bedrock 
representative  motions,  and  borlzontal-to-vertical  spectral  ratios  for 
both  ambient  noise  and  earthquakes)  provide  consistent  results.  In 
addition  to  the  expected  amplifications  on  soft  sedimentary  bodies, 
peculiar  site  effects  due  to  topographic  irregularities  have  been 
quantified. 


SEISMIC  ZONATION  AND  ACTIVE  TECTONICS  OF  THE  URBAN 
AREA  OF  FLORENCE  OTALY). 

Boccaletti  M.  (1),  Coni  C.  (1),  Gaspeiini  P.  (3),  Piccardi  L.  ftV  Vanni  Desideti  A. 
(2),  Vannini  C.  (2),  Vannucci  0.  (l),Clentente  S.  (1) 

(1)  Dipaitimenlo  di  Sdenze  della  Terra,  Universitk  di  Firenze,  (2)  Dipartimento  di 
Storia,  UniversiUt  di  Firenze,  (3)  Dipertimento  di  Geofisica,  Universiti  di  Bologna 
piccaididgeo.unifi.it/Fax:  00, 39, 55. 2302302  -  218628 

The  city  of  Florence  has  a  coucentrition  of  cultural  and  artistic  partimony  unique  in 
the  world.  For  this  reason  it  has  a  great  'exposition*.  In  cider  to  analize  the  seismic 
risk  of  the  urban  aiea  of  Florence,  we  have  perfoimed  a  multidisciplinar  study.  In 
particular,  studying  historical  seismic  sources  and  reelaboiating  locd  macroteisnUc 
intensity  on  the  aid  of  ipecific  algorithms,  we  icelized  an  example  of  seismic 
zoDition  for  the  city  of  Florence  relatively  to  the  shocks  Of  18  May  1895  and  29 
June  1919.  Datas  ate  implemented  by  studies  at  difteitnt  scales  of  the  active 
lectonic.s  and  active  faults  of  the  louitondings  of  Florence.  Furthennore,  also 
historical  evolution  of  the  city  has  been  examined  and  integrated  in  this  study.  Such 
an  interdisciplinary  approach  is  necessary  because  of  the  rich  artistic  patrimoniy  of 
the  city,  where  ’vulnerability’  varies  from  zone  to  zone. 
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COMPARATIVE  STUDY  OF  MICROTREMOR  ANALYSIS  METHODS 
D  Diagourtas.  A.  Tzanis  and  K.  Makropoulos 

Department  of  Geophysics  &  Geothermy,  University  of  Athens,  Panepistimi- 
oupolis,  157  84  Athens.  Greece. 


SEISMIC  MICROZONATION  IN  GRENOBLE  (FRANCE) 

LeBrun  B.,  D.  Hatzfeld  and  P.-Y'.  Bard 
LGIT,  BP  53X,  38041  GRENOBLE  cedex  9,  FRANCE. 
Benoit.Lebruneobs.uji-grenoble.fr/Fax:  33  476  82  81  01 
The  earthquakes  in  Mexico  (1984)  and  Kobe  (1993)  showed  that  the  damages 
observed  on  buildings  can  vary  significantly  in  very  short  distances.  As  there 
is  no  evidence  that  these  spatial  variations  are  due  to  differences  in  structure 
resistance  we  think  that  there  is  a  difference  in  the  ground  motion.  The  problem 
in  urban  area  is  that,  most  of  the  time,  the  mechanical  characteristics  of  the 
soil  are  poorly  known  and  that  the  seismic  noise  level  is  high.  Then,  one  have 
to  develop  new  procedure  to  determine  seismic  risk  in  urban  areas. 

In  this  aim,  we  ran  an  experiment  in  the  town  of  Grenoble  (France)  for  10 
month  between  april  199.5  and  January  1996.  We  installed  10  stations  in  15 
sites.  We  recorded  28  events  with  magnitude  from  1.8  to  8  with  epicentral 
distances  from  10km  to  several  thousands.  The  recording  was  continuous  to 
record  all  the  events. 

We  first  use  the  spectral  ratio  with  a  reference  station  (CSR)  to  obtain  the 
transfer  function  of  the  site  at  some  points.  Then,  we  used  the  horizontal  over 
vertical  spectral  ratio  calculated  with  noise  records  (HVNR)  to  make  a  map  of 
the  frequency  of  amplification  in  the  whole  town.  Last,  we  used  the  empirical- 
Green’s  function  method  to  try  to  determine  the  effect  of  strong  motion  by 
using  small  events. 

All  the  results  are  very  coherent  and  we  can  propose  a  procedure  to  make  a 
microzonation  of  urban  areas,  by  using  successively  these  methods. 


SEISMIC  ZOMATION  OF  BARCELONA  BASED  IB  RRELINIBARr  SITE  SPECIFIC  RESPONSE 
SPECTRA 

J.CId  <1,2),  T.Susagna  (1),  X.Gaula  (1),  l.Chavarrla  <1),  S.Fisuerai  <1), 
J.Fleta  (1),  A.Casas  (3),  A.Roca  (1) 

(1)  Institut  Cartogrific  de  Catalunya,  (2)  Ajuntaaient  de  Bareetena.O) 

Unlversitat  de  Barcelona. 

e-mail:  tsusagnaaicc.es.  Fax:  34-3*4267442. 

The  city  of  Barcelona  is  located  at  the  Mediterranean  coast,  on  the  pediment 
of  the  Catalan  Coastal  Ranges.  Different  materials  can  be  recognised: 
Paleozoic  and  Tertiary  materials,  Pleistocene  terrains  composed  of  thin 
consolidated  sediments,  and  thick  Holocene  deposits  from  the  Besos  and 
llobregat  rivers. To  take  Into  account  possible  local  effects  due  to  the 
presence  of  sediments,  seismic  response  of  several  sites  in  different 
districts  have  been  computed.  For  these  sites  an  interactive  data  base  has 
been  inplemented  tiith  the  uauel  geotechnical  parameters  obtained  from  drilling 
for  building  and  Infreatructure.  After  a  reviev  of  published  empirical 
correlations  betueen  geotechnical  and  dynamical  parameters,  the  most  adequate 
relation  to  the  toil  conditions  of  the  zone  hat  been  used.  An  estimation  of 
the  depth  of  the  Paleozoic  basement  hat  been  obtained  from  an  Inversion  of  a 
detailed  gravity  survey.  Future  dynamic  tests  and  geophysical  prospectlon  Mill 
contribute  to  Improve  these  values.An  Input  motion  of  0.04  g  has  been  applied 
according  to  the  value  considered  in  the  Spain  Seismic  Code  (NCSE-94). 
Transfer  functions  have  been  computed  for  all  the  sites  using  a  10  equivalent- 
linear  code.  Great  amplifications  rising  values  of  4  appear  for  periods  less 
than  1.5  s.  In  particular  the  highest  amplifications  have  been  obtained  at 
high  frequencies  near  to  10  Hz  in  the  districts  characterised  by  thin 
deposits.  Preliminary  site  specific  response  spectra  characterising  different 
zones  of  the  city  are  proposed. 


MICROZONATION  OF  TME  LISBON  TOWN:  A  THEORETICAL 
APPROACH 

P.  Teves-Costa  (1),  I.  Moitinho  (2)  and  1.  Lopes  (2) 

(l)Centro  de  Geofisica,  Lisbon  University,  (2)  Centro  de  Geologia,  Lisbon 
University 

ptcosta@fc.ul.pt/  Fax:  -i-351-1-395-3327 

In  areas  with  low  seismicity  it  is  very  difficult  to  implement  microzonation 
techniques  based  on  natural  seismicity.  Also,  for  urban  areas,  it  is  not  easy  to 
perform  seismic  experiments.  Only  a  few  methods  can  be  easily 
implemented  as  microtremor  measurements  or  theoretical  approaches.  In 
order  to  estimate  the  seismic  behaviour  of  the  Lisbon  town,  a  foeoretical  ID 
linear  approach  is  undertaken  for  the  entire  town.  Geological  profiles  have 
been  performed,  along  the  east-west  direction,  500  meters  spaced.  These 
profiles  were  based  on  the  existing  geological  map,  scale  1:10  000,  and 
complemented  with  new  information  collected  from  recent  geological  and 
geotechnical  boreholes.  The  physical  parameters  introduced  in  the 
theoretical  model  were  obtained  from  (i)  specialised  literature,  (ii)  seismic 
experiments  and  (iii)  laboratory  tests.  These  results  are  presented  for  the 
northeast  part  of  the  town  and  compared  with  other  microzonation  maps 
obtained  using  (i)  microtremors  measurements  and  (ii)  impedance  contrasts. 


During  a  multidisciplinary  microzonation  pilot  project  in  the  city  of  Heraklion 
(Crete,  Greece),  microtremor  data  were  collected  near  exploratory  boreholes 
specifically  designed  for  the  purposes  of  the  project,  over  a  period  of  5days, 
for  4  h/day  at  125Hz  (continuous  recordings).  The  data  were  analysed  with 
the  SSR  and  H/V  Ratio  techniques,  using  the  standard  FFT  (appli^  to  long 
data  series)  and  a  Multi-variate  Maximum  Entropy  (MV-MAXENT)  spectral 
analysis  method.  Both  techniques,  implemented  with  both  spectral  analysis 
methods,  identify  the  same  major  resonance  frequency  band,  albeit  with  dif¬ 
ferent  amplification  levels.  The  MV-MAXENT  however  is  effective  in  han¬ 
dling  short  data  lengths  while  yielding  high  resolution  spectra  and  addressing 
several  shortcomings  of  the  conventional  FFT  (windowing,  zero  padding  etc.). 
Thus,  it  yields  competitively  similar  results,  with  only  a  fiaction  (a  few  min¬ 
utes)  of  foe  data  required  by  the  lower  resolution  (FFT)  method  and  appears 
to  be  a  powerful  tool  for  site  effect  investigations.  Moreover,  foe  results  of 
both  microtremor-based  techniques  are  consistent  and  remarkably  similar  to 
foe  results  of  microzonation  methods  that  require  (expensive)  borehole  data. 


Caracas  1967  earthquake  caused  heavy  damages  to  multi-story  buildings.  In  1995,  184 
microlremcr  measurement  points  were  performed  over  the  ciqr.  Measurement  grid  was 
more  or  less  dense  and  covered  the  main  part  of  the  alluviai  basin  as  weli  as  surrourxfing 
rock  basemenL  For  each  point  horizontal  record  spectrom  was  divided  by  vertical  one. 
Then  the  strongest  value  of  this  ratio  (A)  was  kept  as  well  as  the  fiequency  (Fb)  where  it 
occurs.  Spatial  mleipolation  of  A  and  Fo  were  perfonned  between  all  points  of  Palos 
Grandes  district  A  map  was  plotted  lepresenling  a  single  surface  where  Fb  is  relief  and  A  is 
colour  gradation.  Alluvion  depth  (H)  map  can  be  compared  with  this  result.  Damaged 
buildings  are  plotted  on  the  same  map.  Fo  (relieO  decreases  until  0.6  Hertz  when  alluvion 
depth  (H)  increases.  Fb  vaiues  fit  with  fiequencies  previously  predicted  fiom  computation 
and  with  1967  earthquake  observations.  The  more,  interpoladon  surfaces  show  that 
amplification  (A)  is  very  low  above  rock  but  is  maximum  on  the  south  part  of  the  basin. 
Nbw  main  damages  of  the  town  occurred  in  this  part :  4  high  buildings  coliapsed  The 
estimated  naturai  fiequency  of  these  buildings  were  around  Fo.  Graphics  showing  H,  Fa  and 
A  evolution  through  basin  were  composed.  Links  between  ail  these  values  are  txxiceable. 
Fo  is  claimed  to  be  very  similar  to  resonance  fiequency  of  soil.  As  for  A,  it  reveals  to  be  a 
fairly  relevant  sign  of  damage  seriousness.  Microtremor  technique  is  an  economic  tool  and 
allows  measurement  grid  as  dense  as  desired.  H/V  ratio  processing  followed  by 
interpolation  of  maximum  values  provides  precise  and  useful  information  about  expected 
site  effect 


SITE  EFFECT  DETERMINATION  IN  NICE,  FRANCE  (GEMITIS  PROJECT) 

A  -M.  Duval'.  J.-F.  Semblat’,  J.-P.  Meneroud' 

'CEIE  M6dittnan<e.  Nice.  France  ‘LCPC,  Paris.  France 

Although  French  Riviera  has  a  rather  moderate  seismicity  rale,  a  strtxig  seismic  event  is 
expected  mainly  fiom  Genova  Gulf  (M^,  30  km  far  fitxn  seashexe).  As  CETE 
M«liietTan6e  is  based  in  Nice  and  thanks  to  our  impotlant  geological  knowledge  of  the  city 

soil,  it  was  decided  to  make  of  our  own  town,  our  first  experimental  field  for  seismic  hazard 

assessmenL  Hence,  as  concerned  with  site  effecL  dUfeient  experimental  and  numerical 
methods  are  used  on  srune  sites.  As  for  many  other  towns,  the  more  densely  populated 
tiisiiicts  of  the  city  lay  over  alluvial  fillings.  A  first  survey  (1984)  allows  to  determine 
regional  hazard  arid  to  recognise  several  geotechnical  areas  that  might  have  different 
response  to  eanlv)uake.  Then,  during  one  year  (1992)  seismicity  was  lecoided  on  4  sites 
where  seismic  amplification  could  occurred  Indeed  above  the  main  alluvial  filling,  spectral 
amplification  reached  20  for  low  fiei)uency  as  compansi  to  reck  staiioa  Transfer  function 
are  veiy  interesting  for  it  shows  that  soil  fiequency  and  amplitude  response  is  tcxally  linked 
to  alluvion  depth.  The  present  installation  of  5  accelerometric  stations  approximately  at  the 
same  sites  should  answer  to  numerous  questions  concerning  linearity  of  site  effect  if  a  strong 
motion  is  recorded  Beside  eaillxguake  record  micnxremor  techniques  were  also  intensively 
explored  Background  noise  stability  was  sntdied  both  on  lime  and  on  spatial  domaia  It 
allowed  to  verily  spectra  variations  during  the  day,  but  the  suqxtsing  stability  of  horizontal 
to  vertical  spectral  raiios  in  time.  The  ability  of  this  ratio  to  deliver  resonance  fiequency  of 
soil  was  also  demonsnaie.  Results  were  ploned  as  maps  of  fiequency  and  relative 
amplificalion.  Numerical  2D  simulalions  are  also  performed  over  alluvial  filling  thanks  to 
CESAR-LCPC  cotfc  which  is  based  on  finite  and  boundaiy  element  method  Fuially  all 
techniques  ability  will  he  evaluated  and  site  effca  will  be  more  described  in  Nice. 


CARACAS  (VENEZUELA)  SITE  EFIECr  DETERMINATION  WITH  MICROTOEMOT 

A.-M.  Duval '.  J.-P.  Mrineroud ',  A  Singer  ’and  all  FUNVTSIS  technical  members 
'CETt  MfiditetTan6e,  Nice,  France  ’FUNVISIS,  Caracas,  Venezuela 
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APUCATION  OFDVNAMIC  RESPONSE  ANALYSIS  OF  BUILDINGS  FOR  THE 
SEISMIC  RISK  ASSESSMENT  IN  ALMERU  CITY 

XJauaaalfid).  M.  Niv«mi(2,3).  F.I.  StnchezP).  F.  Vid»l(4),  K,  Sco(5).  F.  Luzon(2,3) 
(1)  Dcpul  of  Architecture,  Kin>|jMW>  Universii}<,  (2)  Oeptrt.  of  Applied  Phydes.  Aimcrii 
University,  (3)  AundiluMut  Institute  of  Geophysics,  (4)  NttionsI  Institute  of  Ocogroptiy,  (S) 
Deport,  of  Built  linvirunmcnl,  Tokyo  Institute  of  Technology 
innivorro@filibres.iuiIm.os 

In  gencrnl,  the  dynmiie  bebsviur  of  building  smiclures  under  strung  rnotitn  it  depend  on  the 
strueturol  clisrscteristies,  fur  natnple,  building  msteriil,  conslnidcd  tge,  Ibundation  type, 
building  story  ond  dimension  etc.  snd  tlso  the  chirocteristics  of  input  strong  motion  to  the 
builtbig  Koch  building  hss  a  natural  period  which  is  depend  on  Bie  structural  oharacteri  sties. 
Usually,  ench  site  where  some  buildings  were  ooastrueted  has  a  predominaot  period  which 
is  depimd  on  the  uppermost  soil  amdition,  for  example,  the  stiffness  and  depth  of  uppermost 
soil  layer,  respeetively.  F.ven  if  the  uppermost  soil  condiiiixi  is  not  so  soft,  basically,  the 
relalioivdiip  helWn  llie  natural  period  of  building  atid  the  predominant  period  of  sunoundiug 
uppermost  soil  condition  is  very  important  to  evaluate  the  earthquake  damage  for  the 
latUding-s.  .So  we  have  performed  to  ealinialc  the  natural  period  of  existing  23  buildings  which 
have  the  stories  from  4  to  10  in  Almeria  City  using  microtremcr  observations  at  the  top  of 
Isiildings.  rhese  buildings  have  dUfetuu  eharacteristics  respectively,  but,  in  this  research,  we 
ate  thinking  that  ewe  very  iinptitsnt  index  cdbuilding  characlcrislies  i.s  the  building  story.  The 
relutiotvdup  between  the  building  .stories  and  the  natural  periods  is  very  linear  and  clear.  The 
rcnih  slutws :  IMl.OdgN  in  lateral  movement  and  T"0.047N  in  torsional  movement,  where 
■f  is  the  natural  peristd  in  sec.,  and  N  is  the  building  story  from  4  to  10.  After  we  get  these 
results,  we  have  tried  to  calculate  the  dynamic  behavior  of  buildings  using  the  response 
analysis  of  I  -DOF.S  Model,  considering  the  different  uppermost  soil  conditions.  Wc  wrxtld 
like  to  show  the  rcsidt  of  response  analysis  in  order  to  assess  the  sdamic  risk  in  Almeria  City 


THE  Influence  of  The  Experts  Oplmon  in  Microzonation  Studies 
Donat  Fah<‘^  and  Thomas  NoaCK® 

(''Swiss  Seismologicat  Service,  ETH-Hanggerberg,CH-8093  Zurich,  Switzerland 
(faeh@seismo.ifg.eth2.ch) 

(^'GeoIogisch-PalSontologisches  Institut,  Universitat  Basel,  Bemoullistrasse  32, 
CH-405<  Basel,  Switzerland 

Recently  a  qualitative  microzonation  snrdy  has  been  completed  for  the  city  of  Basel. 
The  study  includes  the  mapping  of  the  geological  and  geotechnical  soil  conditions 
which  are  known  from  over  2700  shallow  wells.  This  comprises  also  detailed  litho¬ 
logical  descriptions  of  the  cores,  thicknesses  of  the  strata,  groundwater  data,  and 
SPT  measurements.  Measurements  and  interpretations  of  ambient  noise  and  their 
comparison  with  the  local  geological  information  lead  to  a  characterization  of  the 
different  soil  types.  The  microzonation  is  performed  by  means  of  a  qualitative  rating 
scheme  that  takes  into  account  the  influence  of  seven  characteristic  parameters  of 
the  local  soils  which  can  be  the  cause  of  amplification  o^  ground  motion  during 
earthquakes.  Four  parameters  account  for  the  influence  of  the  Quaternary  gravels. 
These  are  the  consolidation  of  the  gravels,  the  type  of  the  Quaternary  sediments,  the 
thickness  and  the  lateral  variations  of  the  thickness.  A  fifth  parameter  considers  the 
potential  of  liquefaction.  Finally  two  parameters  account  for  the  influence  of  the 
Prequateraary  sediments  and  of  the  Rhinegtaben  master  fault.  The  original  weight¬ 
ing  scheme  has  then  been  analysed  by  four  experts,  and  each  expert  proposed  a  new 
scheme  for  the  microzonation,  which  is  also  based  on  the  seven  parameters.  The  dif¬ 
ferent  rating  schemes  and  their  eftects  on  the  microzonation  are  discussed  in  this 
contribution.  Even  if  there  are  large  differences  in  the  weighting  of  some  of  the  pa¬ 
rameters,  the  overall  features  of  the  different  microzonation  maps  remain  stable. 


SEISMIC  MICROZONATION  IN  PREADIUATIC  URBAN  AREAS  OF 
ALBANU 

s.  Kociufn 

(l)SeistnoIogical  Institute ,  Tirana,  ALBANIA,  kociu  @  sizmo. 
tirana.al/Fax:+35542-28274 

Based  on  seismic  microzoning  studies  carried  out.  during  last  15  years, 
in  Preadriatic  area  of  Albania,  for  many  important  inhabitated  centers 
and  cities(  as  Vlora,  Durres,  Shkodra,  Fieri  and  Tirana  city)  ,  a 
comparison  of  different  approaches  with  experience  gained  by  past 
and  recent  earthquakes  is  shown.  Some  special  case  studies  are  of 
interest,  taking  into  account  the  occurrence  of  recent  earthquakes 
(Tirana  &  Shkodra  case  studies)  and  those  of  the  past(  Durres  ,  Fieri 
&  Vlora  case  studies).  On  the  other  hand  based  on  seismic  hazard 
maps  compiled  at  local  scale,  the  implemetation  of  outputs  of  seismic 
microzoning  studies  in  physical  and  urban  planning  of  some  important 
towns  (  as  Vlora,  Durres,  Shkodra,  Fieri)  and  Tirana  city  and  for  the 
improvement  of  Albanian  seismic  building  code,  are  presented.. 


GRAVITY  ANOMALY  MAP  OF  BARCELONA  AS  A  TOOL  FOR 
DETERMINING  THE  STRUCTURAL  FRAMEWORK  AND  DEPTH  TO 
BASEMENT  IN  RELATION  TO  SEISMIC  MICROZONATION  OF  AN 
URBAN  AREA 

R.  Ldzaro,  V.  Pinto,  L.  Rivero,  J.L.  Roca  and  A.  Casas 
G.P.P.G.,  Facultat  de  Geologia.  Univ.  Barcelona  (Spain) 

Barcelona  is  situated  over  colluvial  and  alluvial  deposits  between  Llobregat 
and  Besos  River  deltas  and  these  materials  overlay  Pliocene  marls  and  the 
Hercinian  basement.  In  the  scope  of  a  project  for  the  evaluation  of  the 
seismic  hazard  of  the  city  of  Barcelona,  sponsored  by  the  city  council, 
several  geological  and  geophysical  studies  have  been  carried  out  with  the 
aim  to  evaluate  local  conditions  that  would  modify  earthquake  response. 

A  Bouguer  gravity  anomaly  map  of  Barcelona  was  produced  by  the 
compilation  of  935  gravity  stations,  with  coverage  throughout  the  city  and 
surroundings  of  1  station/km2.  New  gravity  stations  are  being  surveyed  over 
a  high  precision  network  to  perform  a  200  m  grid  interval.  From  the  Inverse 
solution  of  the  residual  gravity  anomaly,  depth  to  basement  and  the  structural 
framework  have  been  determined,  in  spite  of  the  lack  of  subsoil  control  data. 
This  information  has  been  useful  for  assessing  the  earthquake  hazard  at 
local  scale. 


EVALUATION  OF  SITE  EFFECTS  IN  VOLVI  BASIN  (GREECE) 
FROM  EXPERIMENTAL  DATA  AND  MODELING 

F.  Marrara  (1)  and  P.  Suhadolc  (1,2) 

(1)  Dipartimento  di  Scienze  della  Terra,  University  of  Trieste,  Italy,  (2)  The 
Abdus  Salam  International  Centre  for  Theoretical  Physics,  Trieste,  Italy. 
IrarrcescOgeosunO.univ.trieste.  it 

The  results  of  amplification  estimates  due  to  site  effects,  as  obtained  from  ob¬ 
served  data  and  theoretical  modeling,  are’  compared.  The  data  come  from  the 
Voivi  basin,  a  test  site  located  in  Northern  Greece  near  the  city  of  Thessaloniki 
(EUftOSElSTEST).  We  calculate  the  synthetic  seismograms  (SH  and  P-SV 
waves)  for  a  2D  section  of  the  target  area  between  the  Profitis  and  Stivos  vil¬ 
lages,  where  the  recording  stations  are  located.  The  hybrid  technique  employed 
for  these  computations  couples  the  modal  summation  and  the  finite  difference 
methods.  Both  in  time  and  in  frequency  domain  the  agreement  between  our 
simulations  and  the  observed  data  is  satisfactory.  The  few  observed  discrepan¬ 
cies  are  very  probably  connected  to  the  still  limited  knowledge  and  estimates 
of  the  parameters  necessary  to  define  the  source,  the  propagation  path  and  the 
2D  model  in  the  hybrid  technique. 


EXPERIMENTAL  SITE  EFFECT  EVALUATION  IN  URBAN  AR¬ 
EAS  OF  THE  UMBRIA  AND  MARCHE  REGIONS  (ITALY) 
Umbria-Marche  Site  Effect  Group  (UMSEG),  P.  Marsan  (reporter) 
Gruppo  Nazionale  Difesa  Terremoti,  Servizio  Sismico  Nazionale,  Roma,  Italy. 

After  the  26  September  1997  Central  Italy  earthquake  (Mi  =  5.9)  the  Italian 
Civil  Protection  Department  issued  a  seismic  microzonation  project.  Its  goal 
is  to  perform  detailed  investigations  on  some  of  the  heavily  damaged  localities 
(Fabriano,  Nocera  Umbra  and  Sellano)  with  the  aim  to  provide  guidelines  for 
urban  planning  and  building  retrofit. 

In  this  framework  a  special  task  group  devoted  to  site  effect  evaluation  (Um¬ 
bria  Marche  Site  Effect  Group)  has  been  set  up.  This  group  instalied  three 
temporary  seismic  arrays  with  54  sites  monitored  in  the  urban  areas  of  the 
above  mentioned  localities,  .recording  at  least  20  events  with  magnitude  up 
to  4.4.  The  preliminary  results  presented  concern  empirical  transfer  function 
evaluations  based  on  spectral  ratio  technique.  Reference  site  and  single  site 
approaches  were  used  both  for  earthquake  and  noise  recordings. 
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2-D  STRONG  MOTION  SIMULATION  FOR  MICROZONING  OF 
BUCHAREST 

C.L.Moldoveanu*  and  G.F.Panza” 

1.  National  Institute  for  Earth  Physics,  Bucharest,  Romania: 
e-mail:  CMOLD@infp.ifa.ro 

2.  Dipartimento  di  Scienze  della  Terra,  Universita' digli  Studi,  Trieste,  Italy: 
e-mail:  Panza^eosunO.  univ.trieste.  it 

3.  International  Centre  for  Theoretical  Physics,  SAiWD  Group,  Trieste,  Italy 

The  strong  intermediate-depth  Vrancea  (Romania)  earthquakes  represent  the  main 
seismic  source  that  has  to  be  taken  into  account  for  microzonation  purposes  of 
Bucharest  that,  due  to  its  poor  soil  conditions,  could  suffer  serious  damage  because 
of  the  severe  local  site  amplification.  The  realistic  modeling  of  ground  motion  is 
made  computing  the  seismic  input  for  the  target  area  of  Bucharest  considering  a  2-D 
cross-section  profile  by  means  of  a  sophisticated  hybrid  technique,  that  combines 
modal  summation  and  finite  difference  scheme.  As  seismic  source  consider  two 
strong  Vrancea  quakes  (August  30, 1986,  Mw”7. 1,  and  May  30,1990,  Mw*^-9). 
The  simulated  signals  are  analyzed  against  the  few  available  instrumental  records. 
The  main  features  of  the  local  response  simulated  under  the  mentioned  conditions 
are  similar  to  the  observed  ones.  We  see  how  this  technique  can  lead  to  a  proposed 
microzonation  of  the  city  of  Bucharest.  For  the  complete  microzonation  of 
Bucharest  the  computation  will  be  extended  to  a  set  of  cross  sections  that  cover  the 
whole  area  of  the  town  and  to  a  set  of  source  parameters  of  strong  Vrancea  quakes. 


DETAILED  SEISMIC  MICROEONINC  OF  ALMERU  CITY  USING 
CEOTF.CHNICAL  INFORMATION  AND  MlCROTREMOR  OBSERVATION 

M.Nav>tfnirt  ZV  F  J  Stnchcy(l).T.  Enomoti3(3),  I.  M«tflida(4).  F.  Vidtl(S).K,  Seo(6)  wul 
yVJ  H<)!udas(l,2} 

(l)DepAtt.  (/Applied  Physics,  Almcria  University.  (2)  Andslusiiui  Instifuiti  of  Geophysics. 
(3)  Depart.  d'Ai^ttteciun:.  Ksnagswe  Universi^,  (4)  College  ufHeoonnics,  Ktnto  Gskuin 
Universily.  (S)  National  hslitute  nf  Geogra^,  (6)  Depart  of  Built  Itnvinicuncnt.  Tokyo 
Inatituie  t/  I'ct^ology 
rnnavarru((${i!ahres.ualm  vs 

The  importance  of  svi»niie  tnicro/ttning  and  seismic  risk  assessment  \n  increasing  in 
earthquake  prone  area  of  ihe  vvurlU  for  earthquake  damage  reduction.  Wc  have  engaged  in 
dctaiM  locmh  on  .seismic  mkru/untng  and  seismic  ride  assessment  in  Atmeria  City  since 
1996.  This  dcuiled  research  is  composed  of  avveraJ  diflerent  works  a.i  followws.  (I) 
Oeomorphologicai  Investigation ;  A  landform  clissifcation  map  ix  developed  by  analy.dng 
aerial  photos  and  large  scale  iopugraphie  maps.  Since  each  Itodrorm  is  oimpoxed  of  diCTereni 
matei'ials.  it  rcpresaiti  the  uppermost  port  of  die  soils.  Stinic  geologic  cross-scctioaH  arc 
(urrqnlod  fioin  bun:  hole  records  in  order  to  examine  the  deeper  part  of  (hu  siuls.(2)  S  Wave 
Velocity  Prospecting  Test :  S  wave  velocity  proapecting  tests  arc  experimented  at  several 
aiiea.  These  rumilts  ore  useibll  for  understanding  the  uppermost  soil  characteristics  and  are ' 
uiuul  for  soil  classification.  (3)  Microtremor  Observation  :  Microtremurc  oh.scrvalions  are 
dcnocly  carried  out  in  the  research  area.  These  tesull  will  be  used  in  the  evaluation  of 
(^1110111001  ifiHind  properties,  for  example,  predominant  period  and  amplification  factor  and 
will  he  used  in  seismic  micruoning  (4)  Seismic  Strong  M^ion  ObsoVatinn :  Seiamie  strong 
motion  utbervoiim  sites  are  located  at  four  .sites  m  the  research  area  where  ore  diflerent  soil 
CHxfition,  cq^itlly,  one  of  them  is  tocaud  at  hard  rock  site.  These  strong  motion  records  are 
compared  with  eo^  other  Ui  recognize  the  difference  of  ground  .’diaking  characteristicH.  (S) 
Integrelinn  fur  Seiamie  Mienuuning  ;  Detailed  seismic  microzuning  is  carried  out  by 
etanpiling  the  rcsuiis  of  (1)  -  (4).  As  a  result,  the  research  area  is  divided  inui  several  districts 
which  have  identical  characteristics  of  dynamical  soil  properties,  respectively. 


The  Earthquake  Sequence  of  Events  During  the  Junc-October  1997  Crise  in  the 
Azores  Observed  under  Different  Sod  Conditions 

C.  S.  Oliveira',  J.  Hi  Correia  Gtiede^,  A  Locas’ 

Abstract 

An  eartht^iake  s^ence  of  events  occurred  in  the  Azores  since  27  June  1997  and  lasted  uotll  mid 
October.  The  main  events  were  recorded  in  a  few  'strong  notion  iostnimeats  rexatly  implamed  in  the 
region. 

Daring  the  three  and  half  months  of  activity  64  earth<piakes  with  eptcenten  in  the  ocean  near  the 
Banco  D.  ioao  de  Castro;  between  the  islands  of  ^  Ntiguel  and  Terceiia.  were  recorded  in  3  to  5 
stations  in  those  two  islaiids,  producing  99  records  with  3  conponrats.  N^nnim  local  magnitude 
was  oftbe  order  of  5.5  and  eptcentral  distant  to  stations,  iasgefrom3U  to  12U  km.  Peak  ground 
accelerations  range  from  0.5  mg  to  50  mg,  depending  on  the  epkentral  distances  and  on  the  soil  type. 
Soil  properties  are  behind  the  large.difierences  (twice  in  amplitude)  between  ground  motion  recorded 
at  a  location  within  an  old  crater  and  anoter  at  its  borders  two  hondred  meters  away. 

The  present  paper  presents  the  records  obtained  fn  the  crise  and  tries  to  explain  the  most  important 
features  observed  at  the  different  locations. 


REALISTIC  MODELLING  OF  SEISMIC  INPUT  IN  URBAN 
AREAS:  A  UNESCO/IGCP  PROJECT 
G.  F.  Panza 

Dipartimento  di  Scienze  della  Terra  -  Universita  di  Trieste,  and  International 
Center  for  Theoretical  Physics  -  SAND  Group,  Trieste,  ITALY. 

The  accurate  study  of  geological  and  site  effects  on  seismic  ground  motion 
and  their  realistic  modelling  addresses  the  problem  of  pre-disaster  orientation; 
hazard  prediction,  risk  assessment,  and  hazard  mapping.  The  major  scientific 
problem  is  to  handle  realistic  models  on  a  very  detailed  level.  We  can  reduce 
loss  of  life  and  property  damage  by  highly  detailed,  specific  prediction  of  seis¬ 
mic  ground  motion.  To  map  seismic  ground  motion  we  do  not  have  to  wait 
for  earthquakes  to  occur  in  likely  focal  regions  and  then  to  measure  ground 
motion  with  an  extremely  dense  set  of  recording  instruments;  instead  we  can 
compute  immediately  these  seismograms  from  theoretical  considerations.  This 
database  can  be  updated  continuously  incoming  new  experimental  data.  The 
plan  of  the  UNESCO/IGCP  Project  "Seismic  Ground  Motion  in  Large  Ur¬ 
ban  Areas”  includes  a  broad  spectrum  of  seismic  hazard  levels  that  require 
different  administrative,  politcal,  scientific  efforts  to  teach  a  satisfactory  pre¬ 
paredness  (Antananarivo,  Bangalore,  Beijing,  Bucharest,  Budapest,  Catania, 
Delhi,  Kathmandu,  Ljubljana,  Mexicali,  Mexico  City,  Naples,  Rome,  Santiago 
de  Chile,  Santiago  de  Cuba,  Silistra,  Sofia,  Thessaloniki,  Tijuana,  and  Zagreb). 
The  project,  the  methodology  followed  for  the  simulation  of  ground  motion 
and  the  results  obtained  in  several  cities  are  illustrated,  including  comparisons 
between  the  outcome  of  simple  and  very  sophysticated  approaches. 


SITE  EFFECTS  IN  THE  CITY  OF  THESSALONIKI  (GREECE): 
estimates  from  data  AND  MODELLING 
P.  Triantafyllidis  (1,3),  P.  Hatzidimitriou  (1),  N.  Theodoulidis  (2), 
P.  Suhadolc  (3),  C.  Papazachos  (2)  and  D.  Raptakis  (4) 

(1)  Geophysical  Laboratory,  Univ.  of  Thessaloniki,  Greece,  (2)  Institute  of 
Eng.  Seismology  and  Earthquake  Engineering  (ITS.\K),  Thessaloniki,  Greece, 
(3)  Dipartimento  di  Scienze  della  Terra,  Univ.  of  Trieste,  Italy,  (4)  Laboratory 
of  Soil  Mechanics  and  Foundation  Engineering,  Univ.  of  Thessaloniki,  Greece. 
In  the  present  study  the  site  effects  in  the  city  of  Thessaloniki  (Greece)  are 
estimated  using  both  an  experimental  and  theoretical  approach.  The  experi¬ 
mental  techniques  are  applied  to  a  set  of  observed  accelerograms.  The  technique 
of  Standard  Spectral  Ratio  {SSR)  is  applied  to  a  reference  station  located  on 
rock,  while  the  H/V  Spectral  Ratio  technique  is  used  both  with  earthquake 
records  (entire  length  including  P  &  S  waves)  and  with  recorded  noise.  The 
results  from  all  previous  methods  are  compared  in  terms  of  predominant  fre¬ 
quencies  and  amplification  levels.  The  fundamental  frequency  is  identified  by 
all  methods,  though  the  average  amplification  level  is  generally  underestimated 
when  the  H/V  spectral  ratio  techniques  are  used. 

For  the  numerical  approach,  we  construct  complete  strong  motion  synthetics 
using  the  modal  summation  method,  up  to  frequencies  of  10  Hz,  for  the  P-SV 
waves.  As  input,  four  point  sources  are  used,  located  at  different  distances  and 
azimuths  from  the  stations.  Ratios  of  response  spectra  of  the  local  1-D  over 
the  regional  1-D  seismograms  are  calculated.  The  mean  spectral  amplifications 
obtained,  are  compared  with  the  experimental  ones. 


MICROTREMOR  ANALYSIS  TO  CHARACTERIZE  SEISMIC  WAVE  AT- 
TENUATION  IN  THE  CITY  OF  BARCELONA 

A.  Ugalde  (1),  L.  G.  Pujades  (1)  and  J.  A.  Canas  (2) 

(1)  Technical  University  of  Catalonia.  Geotechnical  Engineering  and  Geosciences 
Department.  (2)  Instituto  GeogrSfico  Nacional. 

Microtremors  are  generated  by  the  presence  of  short  period  seismic  noise,  and  they 
consist  of  a  mixture  of  surface  and  body  waves.  The  surface  sources  of  this  ambient 
noise  are  of  different  origins:  traffic,  factories,  cultural  activity,  etc.  Microtremor 
recordings  usually  present  an  average  amplitude  that  is  constant  with  time,  but 
sometimes  interferences  caused  by  specific  easy  to  find  sources  located  near  the 
recording  instrument  are  observed.  These  small  events  are  produced,  as  an  exam¬ 
ple,  by  the  passing  of  a  person  or  vehicle,  and  we  will  try  to  use  them  in  order  to 
characterize  the  capability  of  the  medium  to  attenuate  seismic  energy.  In  this  study, 
the  parts  of  the  records  that  present  high  amplitudes  are  analyzed,  and  the 
amplitude  decays  arc  characterized  by  a  quality  factor  Q.  Preliminary  results  fbr 
different  zones  of  the  city  of  Barcelona  are  presented.  They  show  the  ability  of  this 
method  to  characterize  the  attenuation  of  the  different  soil  typologies. 
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ESTIMATION  OF  THE  SYSTEM  FUNCTION  OF  SOILS  USING  MICRO¬ 
TREMORS 


A.  Ugalde  (1).  J.  J.  Egdzcue  (2),  A.  Alfaro  (1),  L.  G.  Pujades  (1)  and  J.  A.  Canas(3) 

(1)  Technical  University  of  Catalonia.  Geotechnical  Engineering  and  Geosciences. 

(2)  Technical  University  of  Catalonia.  Applied  Mathematics  H.  (3)  Institute  Geo- 
grdfleo  Nacionai. 

The  use  of  microtremors  to  characterize  soils  using  the  methodology  proposed 
Nakamura  in  1989,  has  been  a  topic  of  microzonation  studies  for  many  years,  due 
to  its  rapidity  and  low  cost.  This  method  allows  to  obtain  accurately  the  resonance 
frequency  of  a  given  sedimentary  layer,  but  it  fails  to  predict  the  amplification  at 
the  resonance  frequency.  In  this  study  an  improvement  of  the  Nakamura’s  spectral 
ratio  (horizontal  versus  vertical  components)  is  proposed  so  that  the  obtention  of 
the  predominant  periods  and  amplifications  using  microtremor  measurements  at 
the  surface  is  allowed.  Using  the  3  component  recordings  of  microtremors,  it  is 
considered  that  the  vertical  component  represents  the  vertical  tremor  at  the 
substrate,  except  for  the  presence  of  uncorrelated  noise  (W,).  The  horizontal 
components  constitute  a  complex  signal  that  (except  for  uncorrelated  noise  WJ 
represent  the  horizontal  tremor  obtained  by  filtering  the  movement  at  the  substrate 
with  the  soil’s  system  transference  function  H.  This  system  function  H  is  then 
estimated  by  minimizing  the  uncorrelated  noises  W,  and  W,,  This  methodology  is 
applied  to  microtremor  measurements  in  the  urban  area  of  Barcelona. 


NH4  Volcanic  hazards:  field  studies,  instrumentation 
and  observation  networks  (joint  with  SE) 

■Convener:  Kilbum,  C. 

Co-Convener:  Vougioukalakis,  G. 


GPS  MEASUREMENTS  IN  THE  NEAPOLITAN  VOLCANIC 
AREA 

V.  Achilli  (1),  0.  Al-Bayari  (2),  G.  Artese  (3),  S.  Borgstrom  (I),  M. 
Capone  (I),  U.  Coppa  (I),  C.  Del  Gaudio  (1),  S.  Gandolfi  (2),  N.  Macchi- 
avelli  (2),  C.  Ricco  (1),  V.  Sepe  (1),  A.  Vettore  (4)  and  A.  L.  Ast  (1,2,*) 

(1)  Osservatorio  Vesuviano,  Napoli,  Italy,  (2)  DISTART  -  UniversitrrEO  di 
Bologna,  Italy,  (3)  Universit=EO  della  Calabria  -  Cosenza,  Italy,  (4)  ,  (5)  ,  (6) , 
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Among  the  institutional  activities  of  the  Osservatorio  Vesuviano,  there  is  the 
surveillance  of  the  Neapolitan  volcanic  area  (Mt.  Vesuvius,  Phlegrean  Fields 
and  Ischia  island)  which  is  carried  out  also  through  the  study  of  ground  de¬ 
formations.  In  the  last  two  years,  a  GPS  network  in  the  above  mentioned  area 
was  established.  In  Mt.  Vesuvius  area  a  GPS  test  was  carried  out  in  order  to 
verify  the  possibility  of  the  installation  of  a  network  of  GPS  permanent  sta¬ 
tions.  A  quality  control  of  the  acquired  data  was  made  with  the  QC  software 
by  UNAVCO,  then  the  processing  phase  was  carried  out  using  two  different 
programs  (BERNESE  and  GEOTRACER)  for  a  cross  control  of  the  results.  In 
the  Island  of  Ischia  three  different  techniques  (static,  fast-static  and  real-time- 
kinematic)  have  been  used  to  get  a  first  set  of  coordinates  and  to  perform  a 
comparison  between  the  three  metodologies.  GPS  data  of  the  Phlegrean  Fields 
are  still  in  processing.  The  results  for  Mt.  Vesuvius  area  and  the  Ischia  island 
are  presented  and  discussed. 


GPS  AN  DIGITAL  PHOTOGRAMMETRY  FOR  MONITORING  GROUND 
DEFORNUTIONS  ON  A  VOLCANIC  AREA. 

P.  Baldi  f  n.  M.  Marsella  (2).  L.  Vittuari  f3> 

(1)  Dip.  di  Fisica,  Universita’  di  Bologna.  (2)  DITS,  Universita’  di  Roma  “La 
Sapienza”,  (3)  DISTART,  Universita’  di  Bologna. 

Marsella®  dits.ing.uniromal  .it/Fax:  •e39-6-445855 1 5 

In  September  1996  an  airborne  GPS-pbotogrammetric  project  was  performed  over 
the  Vulcano  island  (Aeolian  Island  Arc)  in  order  to  experiment  a  fast  and  accurate 
procedure  for  an  aedal  photography  mapping  application  for  ground  deformation 
monitoring.  The  use  of  CPS  observations  for  establishing  the  position  of  the  photo 
centers  at  the  instant  of  exposure,  reduces  the  number  of  required  ground  control 

glints;  the  processing  of  the  images  in  digital  form,  from  image  scanning  to  the 
igital  Terrain  Model  generation,  allows  for  time  reduction  when  automatic 
procedures  can  be  successfully  applied.  The  data  colleaed  during  the  experiment, 
that  is  images  at  1:5000  and  1:10000  scale,  were  digitized  at  a  resolution  of  10(X) 
dpi,  and  analyzed  using  the  Helawa  system  which  adopts  a  correlation  algorithm 
working  at  subpixel  level,  with  a  resulting  ground  resolution  of  about  5  cm.  GPS 
kinematic  camera  positions  were  obtained  installing  two  receivers  on  the  aircraft 
and  three  reference  stations  on  the  ground  which  continuously  operated  during  the 
flight  mission.  GPS  kinematic  solutions  were  obtained  using  both  commercial  and 
scientific  software’s  with  OFT  capabilities.  The  experiment  allowed  to  define  the 
geometry  of  the  calderic  structure  with  an  accuracy  at  the  decimeter  level, 
confirming  that  the  aerial  pbotogrammetry,  even  if  generally  less  precise  than 
geodetic  surveys,  gives  the  possibility  of  defining  with  higt  spatial  resolution  the 
strong  deformations  process  of  volcanic  area. 


TSUNAMIS  GENERATED  BY  VOLCANIC  EXPLOSIONS:  DATA 
FROM  1996  ERUPTION  IN  KARYMSKOYE  LAKE  (KAMCHATKA, 
RUSSIA) 

Alexander  Belousov*.  Barry  Voight**  and  Marina  Belousova* 

’Institute  of  Volcanic  Geology  and  Geochemistry,  Russia 
(A.Belousov@g23.relcom.ru);  ••  The  Pennsylvania  State  University,  USA 
(voight@ems.psu.edu) 

The  1996  subaquatic  explosive  eruption  in  Karymskoye  lake  (4  km  across, 
maximal  depth  70  m)  generated  multiple  tsunamis.  We  document  the  tsunami 
effects  and  runup.  These  data  enable  determination  of  a  law  of  attenuation  of 
runup  (wave)  height  for  ’’explosive"  tsunamis,  which  is  compared  with 
theoretical  modelling.  For  the  proximal  zone,  to  radial  distances  (r)  up  to  1.3 
km,  the  runup  height  (R)  shows  rapid  attenuation  (from  >30m  to  8  m)  with 
distance  as  log  R  =  -0.56  log[r]  -h  5.8.  For  the  distal  zone,  r  >  1.3  km,  R 
decays  more  slowly  (from  8m  to  3m)  as  log  R=  -1.98  Iog[r]  +  16.3.  Rapid 
decay  in  proximal  zone  suggests  that  in  the  near  field  of  the  explosion  the 
tsunami  propagate  as  a  collapsing  wave  with  discontinuous  change  in  height. 
The  break-in-slope  of  the  runup  plot  at  1 .3  km  suggests  that  the  tsunami 
propagate  further  as  a  decaying  one-dimensional  wave  in  a  channel  of 
approximately  constant  width. 
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TSUNAMIS  GENERATED  BY  LARGE  SCAtE  FAILURES  OF  COASTAL 
VOLCANOES  -  EXAMPLES  FROM  KURILE-KAMCHATKA  REGION, 
RUSSIA 

Marina  Belousova  and  Alexander  Belousov 

Institute  of  Volcanic  Geology  and  Geochemistiy,  Petropavlovsk-Kamchatsky 
683006,  Russia.  E-mail:  A.Belousov@g23.relcom,ru 

Our  investigation  of  Harimlcotan  volcano  (Kurile  islands)  has  shown  that  tsunami 
up  to  20  m  high,  witnessed  during  its  1933  eruption  (Miyatake,  1934),  was 
generated  by  volcanic  debris  avalanche  which  entered  Pacific  Ocean.  Subaerial  part 
of  the  avalanche  deposit  forms  a  broad  hummocky  fim  (ma.\  thickness  10-20m; 
length  7  km;  area  20  km’;  volume  0.4  km’).  The  avalanche  smashed  the  ocean 
along  8  km  of  coastal  line.  It  was  formed  as  a  result  of  large  scale  failure  of  the 
volcanic  edifice  1213  m  high.  Multiple  (>4)  prehistoric  debris  avalanche  deposits 
spreading  offshore  were  discovered  on  the  island  That  is  the  evidence  that 
tsunamigenic  failures,  similar  with  the  1933  event,  repeatedly  occurred  in  the 
history  of  the  volcano.  Youngest  of  them  were  1 100  and  2000  C'’’  years  ago. 

Failure  of  Avachinsky  volcano  (Kamchatka  peninsula)  in  the  end  of  Pleistocene 
produced  debris  avalanche  with  the  volume  approximately  10  km’.  The  avalanche 
trav  elled  the  distance  more  than  24  km  and  entered  Avachinsky  Bay  along  the 
shore  line  5  km  long.  Thickness  of  the  avalanche  deposit  in  modem  sea  cliff  is 
more  than  50  m.  Generation  of  strong  tsunami  was  inevitable  in  that  situation. 


CONTINUOUS  GRAVITY  RECORD  AT  MOUNT  VESUVIUS: 
A  TOOL  TO  MONITOR  ITS  DYNAMICS 

G.  Berrino  (1),  G.  Corrado  (2),  R.  Magliulo  (2),  U.  Riccardi  (2) 

(1)  Osservatorio  Vesuvdano  (Napoli),  (2)  Dipartimento  di  Geofisica  e 
Vulcanologia.  Universita  "Federico  II"  di  Napoli 
rtccardi(@dec.dgv.unina.it/Fax:  -F39-8 1-552763 1 

High  precision  relative  and  absolute  gravity  measurements  are 
periodically  carried  out  on  Mt.  Vesuvius  (Southern  Italy)  to  monitor 
gravity  changes  associated  with  its  dynamics.  Since  1987,  a 
permanent  recording  gravity  station  also  operates  on  the  volcano 
aimed  at  a  continuous  record  of  the  "non-tidal"  gravity  changes. 

Here  we  focus  on  the  results  of  more  than  3  years  of  gravity  records 
starting  from  1994.  Tidal  analyses  have  been  carried  out  on  the  data¬ 
set  using  several  methodologies.  The  ocean  and  atmospheric  effects 
have  been  taken  into  account  for  the  computation  of  the  gravity 
residuals. 

The  time  behaviour  of  the  main  tidal  parameters  and  of  the  gravity 
residuals  have  been  compared  with  some  features  of  the  vesuvian 
dynamics,  mainly  with  the  temporal  gravity  changes  detected  by 
absolute  and  relative  gravimetry. 


MICROGRAVITY  MONITORING  OF  PITON  DE  LA  FOUR- 
NAISE  VOLCANO  (LA  REUNION) 

S.  Bonvalot  (1,2),  M.  Diament  (2),  C.  Deplus  (2),  G.  Gabalda  (1)  and  T. 
Staudacher  (3) 

(1)  ORSTOM,  France,  (2)  Institut  de  Physique  du  Globe  de  Paris,  France, 
(3)  Observatoire  du  Piton  de  la  Fournaise,  La  Reunion. 

In  order  to  achieve  a  greater  accuracy  in  the  gravity  monitoring  of  Piton  de  la 
Fournaise  volcano,  we  carried  out  four  microgravity  surveys  from  1993  to  1997 
to  complement  the  existing  network.  The  complete  network  now  contains  more 
than  100  stations  distributed  on  the  volcano.  A  reference  base  line  was  estab¬ 
lished  to  check  the  calibration  of  the  meters  during  each  survey.  The  gravity 
and  geodetic  measurements  are  now  simultaneously  performed  using  several 
high  resolution  Scintrex  CG-3M  gravity  meters  and  Ashtech  GPS  receivers 
for  kinematic  positionning.  An  interactive  computer  program  including  precise 
earth  tide  model  and  adjustment  procedure  of  gravity  observations  has  been 
especially  designed  to  process  Scintrex  CG-3M  gravity  data.  The  final  accuracy 
obtained  on  gravity  values  on  this  repetition  network  is  estimated  to  be  in  order 
of  15  to  20  pGal.  To  detect  possible  shorter  term  variations  associated  with  the 
volcanic  activity,  we  have  also  set  up  two  CG-3M  meters  located  at  different 
sites  of  the  volcano.  Meteorological  recordings  are  also  performed  simultane¬ 
ously  in  order  to  remove  external  pressure  and  temperature  effects  from  the 
gravity  signal.  We  present  here  the  microgravity  data  acquisition  and  process¬ 
ing.  We  discuss  our  first  results  and  their  implications  for  the  understanding  of 
the  magmatic  system  of  Piton  de  la  Fournaise  volcano. 


SUBSURFACE  »USS  REDISTRIBUTION  DETECTED  BY  NHCRO- 
GRAVITY  STUDIES  AT  MT  ETNA,  199S-96 

G.  Budetta.  D.  Carbone,  and  F.  Greco 

Istituto  Intemazionale  di  Vulcanologia,  Pzza  Roma  2, 95 123  Catam'a,  Italy 
budetta@iiv.ct.cnr.it'rel: +39-95-448084/Fax: +39-95-435801 

Gravity  changes  observed  by  regular  migrogravity  surveys  indicate  that  significant 
magma  movement  continued  within  Etna’s  central  feeding  system  between  1994  and 
1996,  a  period  including  the  1995-96  explosive  activity  at  the  summit.  Early 
magmatic  changes  were  detected  along  Etna’s  Summit  Profile  when,  between 
September  1994  and  October  1995,  some  2  x  lO”  kg  of  magma  were  intruded 
beneath  the  summit  region  at  about  1000  m  a.s.l..  The  positive  anomaly  due  to  this 
intrusion  disappeared  during  the  following  nine  months  (coinciding  with  violent 
strmbolian  activity  at  the  summit),  while  a  new  positive  anomaly  (of  about  2  x  10“ 
kg)  was  detected  below  about  1000  m  a.s.l.  and  within  the  1989  fi-acture  system, 
None  of  the  anomalies  was  accompanied  by  significant  changes  in  ground  elevation 
or  seismicity,  suggesting  a  passive  mechanism  of  irgection.  At  the  same  time, 
measurements  along  the  E-W  Profile  detected  some  1.5  x  10"  kg  of  magma 
accumulating  2-3  km  below  sea  level.  Magma  thus  appears  to  be  infiltrating  the  1989 
fracture  system,  which  fed  major  Hank  eruptions  in  1989  and  1991-93.  The  1989 
fracture  system  must  therefore  be  considered  active  and,  hence,  a  favoured  site  for 
flank  eruptions  in  the  near  future. 


PRECURCURSORS  TO  THE  PLDOAN  ERUPTIONS  OF  THERA  (1628  BC) 
A.ND  VESUVIUS  (79  AD):  DATA  FROM  ARCHAEOLOGICAL  SITES. 

R.  Cioni  (1),  L.  Gurioli  (1),  A  Sbrana  (1)  and  G.  Voupoukalakis  (2) 
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Greece.  gurioli@dst.unipi.it/TeI:  +39-50-847274.Tax:  +39-50-500675 

Stratigraphic  evidence  from  the  Bronze  Age  settlement  of  Akrotiri  (Santorim', 
Greece)  and  the  Roman  towns  of  Pompeii  and  Herculaneum  (Vesuvius,  Italy)  has 
been  used  to  investigate  the  scale  of  pre-eruptive  phenomena  before  the  plinian 
eruptions  of  Thera  in  1628  BC  and  of  Vesuvius  in  79  AD.  Both  enrptions  were 
characterized  by  precursory  seismic  activity,  but  with  very  different  magnimdes  and 
impact  on  local  populations.  The  Akrotiri  settlement  was  badly  damaged  by  strong 
earthquake(s),  forcing  an  early  evacuation  of  the  island  and  destroying  Akrotiri 
before  the  eruption  began,  as  shown  by  the  fallout  pumice  bed  which  mantles  fire 
ruins  and  has  preserved  the  state  of  destruction.  No  clear  evidence  exists  of  intense, 
destructive  seismic  activity  immediately  before  the  AD  79  eruption  of  Vesuvius,  and 
only  low-magnitude  shaking  has  been  recorded.  Indeed,  weak  seismicity  would 
account  for  local  populations  being  caught  unawares  by  the  eruption.  None  of  the 
deposits  at  either  volcano  show  evidence  of  major  precursory  volcanic  phenomena 
(magmatic  or  phreatic).  In  both  cases,  the  main  eruption  was  preceded  by  low-energy 
phreatomagmatic  pulses,  strongly  suggesting  that  pre-eruptive  behaviour  was 
conditioned  by  diffuse  hydrothermal  activity. 


KINEMATICS  AN’D  MECHANICS  OF  LATERAL  COLLAPSES  ON 
OCEANIC  ISLAND  VOLCANOES,  AND  THEIR  EITICIENCY  AS 
TSUNANH  SOURCES 

S.J  Day  (1,2)  and  J.C.  Carracedo  (2) 
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Giant  lateral  collapses  and  debris  avalanches  on  the  flanks  of  oceanic  island 
volcanoes,  with  volumes  of  100  to  2000  cubic  kilometres,  have  been  linked  to  the 
formation  of  giant  tsunami,  most  notably  by  Moore  et  al.  who  have  identified 
deposits  from  such  tsunami  in  the  Hawaiian  archipelago.  Sunilar  deposits  have 
recently  been  found  by  us  on  volcanic  islands  in  the  Atlantic  ocean.  If  deposits  of  this 
type  are  generated  by  lateral  collapses,  then  these  must  be  more  efficient  tsunami 
sources  than  continental  slope  sediment  failures  of  similar  volume.  Our  studies  of 
large-volume  debris  avalanche  deposits’ on  Gran  Canaria  and  of  an  aborted  rift  fiank 
collapse  on  the  island  of  £1  Hierro  indicate  that  flank  collapses  on  these  islands  be^n 
by  rapid  sliding  of  a  single  rigid  mass.  Motion  breaks  the  mass  into  targe  blocks 
whose  relative  movements  on  intervening  faults  are  small  compared  to  the 
dimensions  of  the  blocks  and  to  the  bulk  displacement  of  the  failing  mass  (-100  m  as 
compared  to  at  least  5  km  in  the  case  of  a  isplaced  block  terrane  on  Gran  Canaria). 
We  therefore  consider  that  models  of  tsunami  generation  by  sliding  blocks  (which 
indicate  highly  efficient  tsunami  generation)  are  more  closely  applicable  to  oceanic 
island  lateral  collapses  than  models  of  tsunaim'  generation  by  sediment  flows. 
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GEOMAGNETIC  PREDICTION  OF  VOLCANIC  ERUPTIONS 

Giro  Del  Negro*,  Fabrizio  Femicci*^.  Roaalba  Napoli* 
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Arcavacata  di  Rende,  Cosenza,  Italy 
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The 'structural  heterogeneity  and  the  dynamics  of  the  plumbing  system  of  each  volcanic 
edifice  can  strongly  condition  typology  and  characteristics  of  the  precursory  signals  of 
eruptions.  Traditionally,  ground  deformations  and  seismic  activity  studies  are  used  to 
detect  such  precursory  signals.  However,  both  methods  point  out  local  phenomena 
such  as  a  rupture  along  a  fault  plane  or  local  deformations  along  a  fissure  system.  These 
techniques  can  be  usefully  supported,  for  monitoring  volcanic  activity,  by  foe  magnetic 
method  that  integrates  foe  effect  of  a  phenomenon  over  a  large  volume.  Variadons  of 
the  magnetic  properties  of  foe  rocks  generate  a  wide  variety  of  magnetic  signals  foat  can 
also  appear  a  long  rime  before  eruption  and  are  generated  by  different  mechanisms.  In 
piirticulur.  a  meaningful  change  of  magnetic  field  is  expected  In  foe  case  of  an  eruption 
of  a  biisalric  volcano  as  Mt  Etna  containing  a  large  amount  of  magnetic  minerals, 
which  modify  their  magnerizarion  when  subjected  to  temperature  variations  or  when 
submitted  to  a  mechanical  stress.  In  order  to  evaluate  the  suitability  of  magnetic 
surv'eilhmce  to  volcano  prediction  on  Etna,  we  analyzed  tw*o  historic  series  of  magnetic 
data  recorded  there:  j)  during  the  1981  eruption  and  ii)  immediately  after  1989  eruption. 
Moreover,  we  examined  rime  series  associated  with  foe  intense  explosive  activity  of 
Etna  in  1995  summer  provided  by  the  present  permanent  m.ignetic  network  which  was 
set  up  between  1994  and  1995. 


THE  SOURCE  PAR.\DIGM  OF  THE  VOLUMINOUS  IGMMBRITES  OF  THE 
SIERRA  MADRE  OCCIDENTAL,  .ME.XICO. 

G.J.  Aguirre-Diaz  ( 1 L.  Ferrari  (I),  G.  Labanhe-Hemandez  (2) 

(1)  UNICIT,  UNAM,  Campus  JuriquMla.  Quer^taro,  Mexico,  (2)  Inscituto  Geologta.  Univ. 
Aut.  San  Luis  Potosl.  Mexico  gjad@servldor.unam.mx.'Fax:+525-6234056 

The  Sierra  Madre  Occidental  (SMO)  covers  at  least  360.000  km*  in  Northern  Mexico  and  is 
the  largest  continuous  Ignimbrite  province  in  the  world.  Its  magmatic  evolution  can  be 
divided  into  the  Lower  Volcanic  Complex  (LVC)  and  the  Upper  Volcanic  Supergroup  (UVS). 
The  LVC  consists  of  intermediate-silicic  volcanic  and  plutonic  rocks  of  Upper  Cretaceous- 
mid  Tertiary  age.  while  the  UVS  is  essentially  an  ignimbrite  plateau  of  Eocene-early  Miocene 
age.  A  conservative  estimate  of  the  physical  volume  of  the  SMO  ignimbrites  is  about  360.000 
km*  (1.200x300x1  km).  However,  only  a  few  calderas  have  been  Identified  in  the  province, 
either  because  additional  caldera.^  have  been  covered  by  younger  ignimbrite  sheets,  or 
because  fissures,  with  the  NN\V  regional  orientation  of  the  Basin  and  Range  faults,  served  as 
conduits  for  much  of  the  ignimbrite.  These  fissures  are  several  kilometers  long  and  are 
represented  by  a  combination  of  (1)  rhyolite  dikes  emplaced  along  extensional  features,  such 
as  the  flexure  zone  in  the  shoulder  of  half-grabens.  and  (2)  co-ignimbrice  lithic-lag  breccias 
with  a  linear  alignment  several  km  long  and  also  oriented  NNW*.  Both  types  of  source  may 
have  occurred  in  the  SMO,  with  fissures  predominating  in  areas  more  affected  by  extension, 
and  calderas  occurring  in  relatively  less  extended  areas. 


NEW  GRAVITY  SENSORS  AS  PROBES  OF  VOLCANIC 
ACTIVITY 

James  E.  Fallen  (1),  Artyom  Vilouchkine  (2) 

(1)  NIST/JILA,  (2)  JILA 
falleij@jila.colorado.edu,  Fax:  (303)492-5235 

A  new  and  smaller  absolute  gravimeter  and  a  new  gravity  gradient  sensor  will 
be  described  together  with  their  relevance  to  volcanic  monitoring.  Gravity 
changes  have  proven  useful  in  the  monitoring  of  volcanic  activity.  The 
demands  of  portability  in  a  difficult  and  remote  environment  have  here-to-fore 
caused  relative  gravimeters  to  be  the  major  investigative  tool.  Instrumental 
drifts  and  tares  however  require  closure  of  measurement  loops  with  these 
instruments  in  order  to  approach  useful  precisions  in  the  10-20  ft  gal  range.  A 
new  and  smaller  absolute  instrument  which  is  under  development  at  JILA  will 
be  described  which  is  intended  to  ameliorate  some  of  these  problems.  In 
addition  a  low  cost  (5-lOK)  and  truly  field-compatible  (i.e,  one  person  portable; 
weight  <  17  kgm)  gradiometer  intended  for  permanent  instillation  at  sites  near 
regions  of  volcanic  activity  will  be  described.  Such  an  instrument  would 
provide  continuous  regisiration  of  mass  motions  at  the  “equivalent”  10-20  n  gal 
level  of  sensitivity.  Used  separately  or  in  combination  these  under-development 
gravity  sensing  instruments  should  help  us  better  to  “see”,  and  thus  understand, 
the  details  of  magma  motions. 


SELF-POTENTIAL  STUDIES  OF  HT'DROTHER.XLAL  SYSTEMS  AND 
STRUCTURE  ON  NUSTI  AND  UBINAS  VOLCANOES,  S.  PERU 

A.  Finizola  (1,2),  D  Ramos  (2),  and  O.  Macedo  (2) 

(1) :  ORSTOM  -  IJR6  -  (2) :  Institute  Geofisico  del  Peru,  Urbanizacion 
La  Marina,  B-19,  Cayma,  Arequipa,  Peru 
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Misti  stratovolcano  (I6:I8°S,  71:24*W,  5822  m),  14  km  NE  of  Arequipa  (pop.  c. 
900,000)  contains  two  concentric  summit  craters,  in  the  younger  of  which  is  a  small 
lava  dome  with  fumarolic  activity.  A  self-potential  (SP)  investigation  over  100  km’, 
combira'ng  long  radial  profiles,  has  revealri  two  kinds  of  zones  when  SP  values  are 
plotted  against  altitude.  The  first  shows  a  linear,  inverse  correlation  between  SP  and 
elevation,  a  trend  expected  from  standard  hydrogeologjcal  models.  The  second 
instead  shows  a  direct  correlation,  suggesting  a  hydrothermal  system.  The  boundary 
between  hydrological  and  hydrothermal  zones  is  circular,  about  6  km  across,  and 
correlates  well  with  the  edge  of  an  old  caldera,  whose  walls  might  limit  the  lateral 
extent  of  a  convective  system  of  rising  gas.  Ubinas  stratovolcano  (16:22  “S,  70:54 
“W,  5672  m)  is  truncated  by  a  summit  crater,  1.2  km  across,  which  partly  overlies 
another  deep  crater  (500  m  across,  200  m  deep)  whose  fumarolic  activity  has  become 
more  vigorous  since  December  1995.  Detailed  SP  and  thermal  infra-red 
investigations  (to  15  cm  depth),  involving  more  than  5700  measurements  inside  the 
large  summit  crater,  do  not  show  any  anomaly,  perhaps  due  to  the  absence  of  an 
extensive  fracture  system.  Such  a  closed-system  interpretation  is  consistent  with  the 
leakage  of  pressurised  gas  that  can  easily  be  heard  more  than  I  km  distant. 


GEODETIC  MONITORING  OF  DYKE  EMPLACEMENT,  SLOPE 
INSTABOJTY,  AND  FAULT  CREEP  AT  MOUNT  ETNA 

W.  J.  McGuire  (1)  and  J.  L.  Moss  (2) 

(I)  Benfield  Greig  Hazard  Research  Centre,  University  College  London,  Gower  St, 
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Djke-induced  rifting  events  have  occurred  on  the  east  flank  of  Etna  four  times  over 
the  past  fifteen  years,  in  1983,  1985,  1989,  and  1991.  Regular  surveying  of  a 
geodetic  network,  established  on  the  upper  flanks  of  the  volcano  in  1981,  has 
revealed  lateral  displacements  -  Im  associated  with  each  event.  This  matches  the 
average  widths  of  prehistoric  dykes  exposed  in  the  walls  of  the  Valle  del  Bove  sector 
collapse  structure.  The  largest  cumulative  movements  are  observed  adjacent  to  the 
back  wall  of  the  Valle  del  Bove,  where  the  I  km  high  cliff  has  been  displaced 
eastwards  by  over  5m  since  1983.  Strains  accumulating  in  the  upper  levels  of  the 
volcano  appear  to  be  released  over  time  by  aseismic  creep  and  periodic  earthquakes 
on  faults  bounding,  and  enclosed  within,  the  mobile  eastern  sector  of  the  volcano, 
which  is  being  displaced  seawards  at  centimelric  annual  rates.  Observed  deformation 
was  minimal  during  the  four  years  following  the  end  of  the  major  efliisive  eruption  of 
1991-93.  However,  extension  between  1996  and  1997  argues  for  the  emplacement  of 
fresh  magma  into  the  same  fracture  system  which  fed  the  1991-93  eruption.  Results 
from  contemporaneous  microgravity  surveys  support  this  interpretation,  and  highlight 
the  importance  of  integrated,  multiparameter  monitoring  to  eruption  forecasting. 


CROSS-CORRELATION  BETWEEN  VOLCANIC  TREMOR  AND 
SOj  FLUX  DATA  FROM  MT.  ETNA  VOLCANO 

S.  Leonard!  (Geologisches  Institut  -  Angewandte  Geophysik,  Nussallee  8,  D- 
53115  Bonn,  Germany) 

S.  Gresta  (Istituto  di  Geologia  e  Geofisica,  Corso  Italia  55,  1-95129  Catania, 
Italy)  and 

F.  Mulargia  (Dipartimento  di  Fisica-Settore  di  Geofisica,  Viale  Berti-Pichat  8, 
1-40127  Bologna,  Italy) 

Significant  hints  on  the  current  eruptive  state  of  a  volcano  may  be  inferred  from 
both  geophysical  and  geochemical  monitoring.  In  this  work  volcanic  tremor  and 
sulphur  dioxide  emissions,  measured  during  the  period  October  1987  -  July  1995 
on  Mt.  Etna,  were  analysed.  The  aim  is  to  give  a  quantitative  and  systematic 
description  of  the  correlation  between  the  two  data  series  and  to  evaluate  a 
possible  association  to  the  volcanic  activity  of  Etna.  On  this  purpose  a  cross¬ 
correlation  analysis  was  performed.  The  results  indicate  that  volcanic  tremor 
and  SO2  time  series  have  a  similar  increase  in  correspondence  of  the  largest 
eruptions.  Hence,  in  the  strong  eruptive  episodes,  volcanic  tremor  and  SO2 
flux  seem  to  originate  from  a  common  physical  mechanism  related  to  magma 
dynamics. 
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PYROCLASTIC  FLOW  HAZARD  IN  THE  MAXIMUM  EX¬ 
PECTED  EVENT  AT  CAMPI  FLEGREI  (ITALY) 

A.  LoQgo  (1),  A.  Neri  (2),  M.  Rosi  (1)  and  G.  Macedonio  (2) 
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Numerical  simulations  of  pyroclastic  flows  generated  by  the  collapse  of  an  erup¬ 
tive  column  in  the  maximum  expected  event  at  Campi  Flegrei  (Italy)  are  per¬ 
formed  in  order  to  estimate  the  associated  hazard.  A  multiphase  and  multicom¬ 
ponent  model  based  on  transport  theory  is  adopted.  The  solid  phase  consists 
of  particles  of  two  granulometric  sizes  and  densities,  whereas  the  gas  phase  is 
composed  by  the  magmatic  gas  (HjO)  and  the  atmospheric  air.  The  simulated 
event  is  assumed  similar  in  intensity  to  the  “Agnano  Monte  Spina”  (ss  4Ka)  and 
the  “Pomici  Principali"  («  lOKa)  eruptions.  A  parametric  study  is  performed 
to  analyze  the  effect  of  the  initial  water  content,  vent  diameter,  and  topographic 
profiles  on  the  flow  propagation,  and  to  define  the  conditions  at  the  vent  caus¬ 
ing  the  pyrociastic  flows  to  overcome  the  topographic  reliefs  (Posillipo’s  Hill) 
located  between  the  Phlegraean  Fields  and  the  city  of  Neaples.  Results  show 
the  important  role  played  by  the  topographic  relief  in  reducing  the  pyroclastic 
flow  hazard.  Only  for  particular  input  conditions  and  vent  location  the  pyro¬ 
clastic  flow  may  overcome  the  topographic  relief,  reaching  the  neighbours  of 
Neaples. 


RETROSPECTIVE  IDENTIFICATION  OF  PHENOMENA  COR¬ 
RELATED  WITH  VOLCANIC  ERUPTIONS 

F.  Mulargia 
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One  of  the  main  tools  in  phenomenological  studies  is  the  identification  of  cor¬ 
relations  among  different  processes.  This  is  essentially  effected  in  retrospective 
with  the  specific  aim  of  finding  a  positive  result,  and  that  leads  to  a  parame¬ 
ter  optimization  which  introduces  a  bias,  so  far  essentially  disregarded,  in  the 
significance  level  of  the  results.  If  the  correlation  can  be  validated  in  a  forward 
study  in  which  parameters  are  kept  fi.xed,  such  a  bias  is  irrelevant.  Unfortu¬ 
nately,  forward  studies  are  mostly  impractical  in  Geophysics  since  they  would 
require  to  wait  for  a  very  long  time.  Unbiased  estimates  can  be  obtained  in 
retrospective  if  each  of  the  optimal  choices  is  properly  identified  and  accounted 
for.  An  application  of  this  correction  to  the  apparent  seismic  "precursors”  of 
Mount  Etna  volcano  flank  eruptions  shows  that  these  are  most  likely  to  be 
artifacts  of  the  retrospective  optimization. 


NUMERICAL  SIMULATION  OF  A  POTENTIAL  DEBRIS 
AVALANCHE  IN  MONTSERRAT,  LESSER  ANTILLES 


THE  VOLCANOSEISMIC  CRISIS  OF  1996-1997  IN  NISYROS,  SE 
AEGEAN  SEA,  GREECE 
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The  Soufriere  Hill’s  volcano  in  Montserrat,  Lesser  Antilles,  has  been  erupted 
since  July  1995.  The  extrusion  of  lava  lead  to  the  formation  of  a  new  dome  in  the 
active  English’s  Crater.  The  evolution  of  volcano’s  activity  could  lead  to  dome 
collapse  generating  a  tsunami.  Preliminary  simulations,  assimilating  the  debris 
avalanche  to  a  fluid  flowing  in  a  U  shape  valley,  lead  to  waves  ranging  from  1  to 
2  meters  reaching  Guadeloupe  island,  situated  50  km  at  the  Sud-Est.  We  have 
developed  here  a  numerical  debris  avalanche  flow  model,  based  on  more  physical 
assumptions.  The  debris  avalanche  is  described  by  a  Coulomb  type  friction  law. 
This  model  solves  vertically  integrated  long  wave  equations.  A  sliding  mass  of 
about  100  millions  of  cubic  meters  is  flowing  to  the  East  towards  the  sea.  The 
simulation  is  done  by  using  a  MNT  of  the  Tar  River  Valley,  Montserrat.  We 
show  that  the  topography  and  the  mechanical  behaviour  change  significantly 
the  velocity  and  the  front  height  of  the  mass  reaching  the  sea.  The  height  of 
the  simulated  tsunami  is  reduced. 
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After  a  repose  time  of  several  years  an  intense,  shallow  seismic  activity 
started  by  the  end  of  1995  in  the  volcanic  region  of  Nisyros  Island.  By  the 
end  of  October  1997  hundreds  of  shocks  were  recorded,  the  largest  one 
being  that  of  27  August  1996  with  M,-S3.  The  activity  is  highly  clustered 
in  space  and  time  while  the  b-value  of  the  magnitude-frequency  relation 
was  found  equal  to  1.67.  Similar  b-values  were  determined  from  the 
Nisyros  seismicity  of  1911-1980  and  from  an  1997  data  set  of 
microearthquakes.  These  seismicity  properties  seem  to  be  a  characteristic 
of  the  region  rather  than  precursor  of  a  forthcoming  eruption  and  make 
Nisyros  similar  to  other  large  calderas  of  the  Earth  where  the  episodic 
unrest  with  local  swarm-like  earthquake  sequences  separated  by  months  or 
years  is  a  typical  pattern  that  do  not  culminate  in  a  volcanic  eruption. 


DEVELOPMENT  OF  A  MI.XED-.MODE  GPS  GEODETIC  NETWORK  AT 
SOUFRIERE  HILLS  VOLCANO,  MONTSERRAT 
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We  have  developed  and  maintained  a  mixed-mode  GPS  geodetic  network  for  monitoring 
Soufriere  Hills  volcano.  Network  evolution  may  be  divided  into  four  phases:  (1)  network 
establishment  with  Ll-carrier  phase  observaiionsduring  August  1995;  (2)  daily  LI/L2 
observations  between  October  7.  1995  and  December  29.  1995;  (3)  network  denstfication  to 
14  sites  with  nearly  daily  Ll/L2-camer  phaseobservations  between  May  14.  1996  and  August 
8.  1996;  (4)  installation  of  two  continuous  GPS  sites  in  July  1996  and  intermittent 
reoccupation  of  all  network  sites  from  September  1996  to  present.  Initial  GPS  observations 
were  made  in  August  1995  using  two  Trimble  GeoExplorer  6-channel,  LI  carrier  phase 
receivers  with  internal  antennas.  Dual-frequency  GPS  observations  began  on  October  7.  1995 
using  three  9-channe!  Trimble  4000SSE  receivers  with  Trimble  4000SSE/SST  LI/L2 
antennas  with  flat  ground  planes.  Dom-Margolin  chokering  antennas  were  substituted  In  May 
1996.  The  three  receivers  were  moved  among  the  6  sites  (one  held  fixed),  and  data  were 
collected  using  a  30s  sync  rate  for  between  16  to  24  hr  per  UTC  day.  Continous  GPS  data 
from  MonLserrat  is  compared  with  other  tropica!  sites  to  clarify  possible  long-term  trends  and 
to  identify  periodic  volcanic  behavior.  A  phase  dispersion  minimization  (PDM)  algorithm  is 
used  to  analyze  the  lime  series  in  addition  to  the  standard  Fourier  Transform  techniques. 
Advantages  of  PDM  are:  (1)  no  waveform  is  assumed;  and  (2)  uneven  sampling  is  more 
easily  handled. 


GROUND  DEFORMATION  MONITORING  AT  SOMMA- 
VESUVIUS  AND  CAMPANIAN  VOLCANIC  AREA  (ITALY). 

F.  Pingue  (1),  F.  Obrizzo,  C.  Troise,  G.  Berrino,  G,  De  Natale,  P.  Capuano, 
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(1)  Osservatorio  Vesuviano,  Naples,  Italy. 
folcoOosve.unina. It/Fax:  39]  81  6754  239 

We  present  an  integrated  ground  deformation  network  aimed  to  monitor 
volcano-tectonic  movements  in  the  area  of  Neapolitan  volcanism.  It  covers 
an  area  of  more  than  10000  krn2,  including  the  volcanic  centers  of  Somma- 
Vesuvius,  Campi  Flegrei  caldera  and  Ischia  island.  It  includes  levelling  and 
EDM  networks,  as  well  as  GPS  periodic  and  continuous  measurements.  The 
scope  of  the  network  is  twice:  monitoring  ground  deformations  in  volcanic  ar¬ 
eas,  and  studying  the  complex  tectonics  of  the  Campania  Plane,  a  graben-like 
structure  in  which  all  the  Neapolitan  volcanism  is  concentrated,  as  related  to 
the  tectonics  of  Southern  Apennines.  The  monitoring  network  consists  of  a 
larger  scale,  levelling  EDM  and  GPS  network  covering  the  whole  Campania 
Plane,  connected  to  the  stable  areas  of  Apennines,  and  smaller  scale  networks 
aimed  to  accurately  monitoring  the  Somma- Vesuvius  volcano,  the  most  dan¬ 
gerous  over  the  World  because  of  its  high  urban  development.  The  Somma 
Vesuvius  b  monitored  by  an  over  200  km  long  levelling  network,  by  periodic 
EDM  and  GPS  measurements  and  by  a  small  network  of  continuously  moni¬ 
toring  GPS  instruments.  The  main  features  of  the  networks,  as  related  to  the 
monitoring  capability,  are  presented,  as  well  as  the  most  recent  measurement 
results.  The  performance  and  efficiency  of  the  networks  for  the  interpretation 
of  data  in  terms  of  volcanic  and  tectonic  models  are  also  discussed. 
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AN  INTEGRATED  MONITORING  PROJECT  FOR  THE  MODELLING  OF 
MT.  MELBOURNE  VOLCANO  INTERNAL  DYNAMICS  (ANTARCTICA) 

E.  Privitera  fl).  E.  Armadillo  (2).  A.  Bonaccorso  (I),  E.  Bozzo  (2).  A.  Capra  (3),  G. 
Caneva  (2),  G,  Faizone  (1),  F.  Ferraccioli  (2).  S.  Gresta  (4).  D.  Reilano  (I)  and  the 
Ml.  Melbourne  Geophysical  Group 

( 1 )  II V  -  C.N.R.,  Catania,  priviter@iiv.ct.cnr.ii.  (2)  DISTER.  Univ.  Genova., 

(3)  DISTART.  Univ.  Bologna.  (4)  1st.  Geol.  Geof..  Univ.  Catania.  Italy 

At  present,  volcanic  activity  of  Mt.  Melbourne  consists  of  low  temperature 
fumaroles  and  ground  heating,  but  studies  on  pyroclastic  falls  suggest  that  the  latest 
eruption  occurred  in  the  last  few  centuries.  Ground  deformation  and  internal 
dynamics  studies  began  in  1988-89.  A  physical  volcanology  observatory,  consisting 
of  tilt  and  seismic  permanent  networks  together  with  GPS  and  gravimetric  periodic 
networks  were  set  up.  In  1996  a  multidisciplinary  research  programme  grouping  the 
previous  activities  and  aiming  at  modelling  the  internal  dynamic  processes  of  the 
volcano  started.  Seismic,  tiltmetric.  GPS.  gravimetric  and  magnetovariational 
measurements  are  undersvay  in  order  to  analyse  the  space-temporal  pattern  of  the 
various  parameters  defining  the  state  of  “normality"  of  the  volcano.  Previous 
magnetic  and  gravity  data  were  used  to  perform  modelling  studies.  Furthermore,  the 
development  of  a  volcano  control  strategy,  which  may  be  adopted  for  other 
volcanoes  with  similar  problematics  but  greater  risk,  is  amongst  the  aims  of  this 
project.  Multidisciplinary  data  collected  during  the  last  Italian  Antarctic  Expeditions 
will  be  discussed  together  with  first  results  and  future  developments. 


MONITORING  GROUND  DEFORNUTION  AT  THE  DECADE 
VOLCANO  GUNUNG  MERAPI,  INDONESIA 

D.  Rebscher'.  M.  Westerhaus^,  W.  Welle’,  and  I G.  M.  A.  Nandaka’ 

'  Applied  Geophysics,  Univ.  Bonn,  Germany;  rebscher@geo.uni-bonn.de 
’GeoForschungsZentrum  Postdam,  Germany;  tilt@gfz-potsdam.de 
’  Merapi  Volcano  Observatory,  Indonesia;  vsimvo@bm.net 

Pressure  changes  within  a  volcano  lead  to  deformations  of  his  edifice.  To 
discriminate  local  and  r^onal  ground  movements,  four  deformation 
stations  with  clusters  of  continuous  borehole  tiltmeters  have  been  installed  at 
the  hillsides  of  Gunung  Merapi.  In  addition,  recording  local  environmental 
parameters  allows  the  recognition  of  interfering  local  tilt  signals.  First 
analyses  of  the  data  records  show;  The  significant  tidal  variations  of  the  tilt 
signal  validate  the  successful!  coupling  between  the  instruments  and  their 
surroundings.  Transient  tilt  signals  correlated  to  rainfalls  are  probably 
caused  by  poroelastic  deformation  of  the  hillsides.  Four  volcanic  events 
occurred  during  the  observation  period;  all  of  them  were  accompanied,  if  not 
triggered,  by  heavy  rainfalls.  Tilt  anomalies,  considerably  larger  than  the 
rain  induced  tilts,  were  recorded  around  the  event  of  October  31,  1996, 
coincident  with  an  extraordinary  high  seismic  activity  If  this  activity 
reflects  internal  fracture  processes  prior  to  the  eruption,  the  accompanying 
deformations  might  partially  explain  the  observed  tilt  signal . 


LOCATION  OF  THE  SOURCE  AND  SHALLOW  VELOCfTY  MODEL 
DEDUCED  FROM  THE  EXPLOSION  QUAKES  RECORDED  BY  TWO 
SEISMIC  ANTENNAS  AT  STROMBOLI  VOLCANO. 

M.  La  Rocca  (I),  S.  Peuosino  (I),  G.  Saccorottj  (2),  M.  Simini  (3),  I.  Ibanez  (4).  J. 
Almendros  (4),  E.  Del  Pezzo  (1-2) 

(1)  Dipartimento  di  Fisica,  Universita'  di  Salerno,  Italy 

(2)  O^rvatorio  Vcsuviano,  Napoli,  Italy 

(3)  Dipartimento  di  Geofisica  e  Vulcanologia,  Universita'  di  Napoli.  Italy 

(4)  Instituto  Andaluz  de  Geofisica,  Universidad  dc  Granada.  Spain 

In  the  framework  of  the  seismic  experiment  carried  out  at  Stromboli  volcano  in 
September  1997  two  seismic  antennas  (300  m  aperture)  were  set  about  1300  m  far 
from  the  active  craters,  in  two  different  sites.  24  1  Hz  sensors  were  used  for 
Ginostra  array,  located  in  the  western  part  of  the  island,  while  32  4.3  Hz,  extended 
to  1  Hz,  were  used  for  Semaforo  Labronzo  array,  located  in  the  northern  Sank. 
About  100  explosion  quakes,  contemporaneously  recorded  by  oth  the  arrays,  were 
analysed  using  the  zero-lag  cross-correlation  method.  Slowness  and  back-azimuth 
measured  at  the  two  antennas  were  used  to  obtain  the  location  of  the  source. 
Velocity  dispersion  curves  were  obtained  at  Ginostra  array  using  single  station 
methods  (V^,  PMF).  The  shallow  shear  wave  velocity  model  for  Ginostra, 
inferred  from  these  curves  has  been  compared  with  that  obtained  for  Labronzo  site. 
Results  show  that  the  e.xplosion  quakes  are  generated  close  to  the  active  crater 
area.  The  velocity  models  give  useful  informations  on  the  first  200  meters,  showing 
in  both  sites  a  layered  structure  with  shear  wave  velocity  increasing  from  300  m/s  at 
surface  up  to  1300  m/s  at  200  m  depth. 


PETROLOGICAL  TRIGGERS  TO  VOLCANIC  ERUPTIONS:  SILICATE- 
CARBONATE  NLAGMA  UNMIXLNG 

G.  Rosatelli  and  A  P.  Jones 

Dept  of  Geological  Sciences,  University  College  London,  Gower  Street,  London 
WCIE-6BT,GB 

ucfbhaj@.ucl.ac.ukTel:  -*-44-171-387  7050/Fax:  -t-44-171-388  7614 

Field  evidence  and  laboratory  experiments  on  disaggregated  mantle  xenoliths  in 
volcanics  from  Southern  Italy  show  that  volatile  solubility  in  ma^atic  systems 
rapidly  changes  after  two-liquid  unmixing.  In  this  model,  a  steady  state  process,  such 
as  crystal  fractionation,  drives  an  alkaline  silicate  magma  to  a  two  liquid  immiscible 
state  (silicate-carbonate).  If  melt  segregation  is  rapid,  which  is  likely  due  to  difterent 
physical  properties,  then  continued  crystallisation  of  high  temperature  silicates  from 
the  carbonate  melt  can  cause  volatile  oversaturation  and  development  of  a  free 
vapour  phase.  Energetic  release  of  the  high  pressure,  vapour-charged  system 
propagates  eruption.  Silicate  crystallisation  on,  for  example,  conduit  linings  fluxed 
by  carbonates  results  in  rapid  crystal  growth,  and  may  produce  megacrysts.  We  h*ve 
examined  the  role  of  alkalies  on  phase  relations  and  liquid  compositions  in  the  simple 
carbonate-silicate  system  between  pargasite-calcite.  Vesiculation  at  shallow  depths  in 
volcanic  eruptions  is  well  understood,  and  may  involve  water  table  interaction.  Our 
results  are  more  apph'cable  to  deep  pre-vesiculation  events  which  occur  at  high 
pressures  in  the  deepest  crust  of  upper  mantle  and  are  expected  to  produce  maar-type 
deposits. 


TIME  AND  SPATIAL  CLUSTERING  OF  ETNTAN  SEISNnCITY,  1981-1991 

V.  De  Rubeis  (I);  P.  Tosi  (1),  M  S.  Baibano  (2)  and  S.  yincieuerra  (2) 

(1)  1st.  Naz.  di  Geofisica,  W  di  Vigna  Murata  605,  00143  Roma,  Italy,  (2)  1st. 
Geologia  e  Geofisica,  Univ.  di  Catam'a,  C.so  Italia  55, 95129  Catara'a,  Italy 
sergio  vincigue(Ta@ct.infh.it/Tel;  +39-95-1 1 95264 

The  relations  between  seismic  activity  and  flank  eruptions  at  Mt  Etna  (Italy)  have 
been  investigated  using  fractal  dimension  analysis  for  the  period  1981-1991, 
characterized  by  seven  major  flank  eruptions  and  continued  seismicity.  The  seismic 
data  set  can  be  considered  complete  from  M  2.5,  using  the  completeness  test  of  Tinti 
and  Mulargia  (1985).  The  geometric  fiactal  dimension  D  is  evaluated  by  the 
correlation  integral  method  (Grassberger  and  Procaccia,  1983),  which  gives  weight 
to  the  number  of  elements  inside  each  sampling  box.  The  time  and  spatial  evolution 
of  the  temporal  fractal  dimension  D„  calculated  on  a  40-seismic-events  moving 
window,  indicates  a  mid-term  variation  (timescale  of  years)  related  to  stress 
conditions  within  the  volcano  and  a  short-term  change  induced  by  the  approach  to  a 
flank  eruption.  The  results  are  consistent  with  those  from  a  similar  an^ysis  for  the 
period  1874-1913  (De  Rubeis  e*  ?1 ,  1997).  In  addition,  the  spatial  clustering  of 
events  can  be  attributed  to  three  siiuchiral  domains:  Mt  Ema  itself  and  the 
neighbouring  Tindari-Giardini  Line  and  the  Western  Iblean  mountains.  Such 
structural  associations  help  distinguish  tectom'c  and  magmatic  controls  on  seismicity 
and  eruptions,  so  also  helping  to  improve  long-term  assessments  of  volcanic  hazard. 


RISK  EVALUATION  WITH  STOCHASTIC  MODELS  OF  LAVA  FLOW'S 
S.’A.  Sorensfn 

Departmcni  of  Computer  Science,  University  College  London.  Gower  Street,  London  WCIE 
6BT.  O.B.  s.sorenseni5cs.ucl.ac.uk,Ta.x:  ■•■44-171-387  1397 

Numerical  models  are  commonly  used  for  theoretical  studies  of  lava-flow  dynamics.  Their 
application  requires  detailed  knowledge  of  local  factors,  such  as  initial  eruption  conditions 
and  topography.  Since  most  of  these  factors  are  poorly  constrained  ahead  of  an  eruption,  such 
models  have  limited  use  for  foreexsting  risk.  An  alternative  approach  is  to  treat  a  flow  as  a 
stochastic  rather  than  deterministic  system,  so  that  its  progress  is  determined  by  a  set  of 
guidelines  in  place  of  initial  and  boundary  conditions.  Flow  advance  is  still  governed  by 
standard  physical  rules  but  its  route  is  allowed  to  divert  from  the  path  determined  by  the  strict 
deterministic  solution,  The  probability  that  a  flow  takes  a  given  path  increases  xs  that  path 
more  closely  follows  the  deterministic  route.  By  combining  the  outcomes  of  a  large  number 
of  simulations,  the  stochastic  approach  provides  a  rapid,  flexible  and  reliable  means  of 
preparing  probabilistic  vulnerability  maps  for  a  wide  range  of  eruption  scenarios. 
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LANDSCAPE  RESPONSE  TO  AIRFALL  DEPOSITS  FROM  LARGE 
EXPLOSIVE  ERUPTIONS:  AN  EXAMPLE  FROM  CAMPANU,  S.  ITALY 

R.  Sulpizio  (I),  M.  Di  Vito  (2)  and  G.  Zanchetta  (I) 

(I)  Dept  of  Earth  Sciences,  via  S.  Maria  53,  56126,  Pisa,  Italy,  (2)  Osservatorio 

Vesuviano,  Ercolano,  Napoli,  Italy 

sulpizio@dst.unipi.it/Tel;  +39-50-847274/Fax:  +39-50-500675 

The  south-eastern  sector  of  the  Campanian  Plain  contains  several  alluvial  fens  of 
volcanoclastic  material,  located  in  a  limited  area  bordering  lulls  near  the  tosras  of 
Nola  and  Palma  Campania.  Several  depositional  bodies  each  form  a  single  alluvial 
fan.  The  deposits  consist  of  nearly  homogeneous  pyroclastics  produced  during  large 
explosive  eruptions  from  either  Somma-Vesuvius  or  the  Phlegrean  Fields.  U-shaped 
channels  cutting  the  bodies  indicate  normal  stream  activity  during  intra-eruptive 
periods.  Carbonate-gravel  stream  deposits  followed  by  volcanoclastic  debris-flows 
and  hyperconcentrated  flood-flows  form  the  infilling  sequence  of  each  chaimel,  often 
topped  by  sheet  flow  deposits.  The  alluvial  bodies  could  have  evolved  over  periods 
from  months  to  tens  of  years,  depending  of  the  volume  of  pyroclastics  and  climatic 
conditions.  The  occurrence  of  such  peculiar  alluvial  fens  results  from  their  location 
along  the  main  dispersal  axis  for  Phlegrean  and  Vesuvian  fallout  deposits,  as  well  as 
to  flat-lying  relief  in  this  zone.  Understanding  these  deposits  is  important  for 
assessing  the  mid-to-long  term  possibility  of  major  flooding  and  lahar  generation  after 
large  explosive  eruptions  from  the  Campanian  volcanoes. 


NH5  Geomorphological  hazards:  extent,  evaluation  and 
mapping  techniques 

Convener:  Guzzetti,  F. 

Co-Convener:  Allison,  R.J. 


MEASUREMENT  OF  DEBRIS  FLOW  SURFACE  VELOCITY  BASED  ON 
IMAGE  PROCESSING  TECHNIQUES 

M.  Arattanol ,  P.  Gtattoni2  and  L.  Marchi3 
ICNR-IRPI,  Strada  delle  Cacce  73,  10135  Torino,  Italy 
2CNR  CSTV,  Strada  delle  Cacce  91,10135  Torino,  Italy 
3CNR IRPI,  C.so  Stati  Uniti  4, 35 127  Padova,  Italy 

Because  of  the  great  destructive  power  possessed  by  debris  flows,  that  is  often  cause 
of  severe  damages  to  the  properties  on  the  fan  of  mountain  torrents,  measurements  of 
their  most  important  ehaiaeteristics,  such  as  flow  height,  impact  force,  velocity  or 
volume  are  particularly  important  and  might  greatly  help  iti  the  development  of 
eountermeasures  and  warning  systems.  Unfortunately  in  many  cases  devices,  methods 
and  procedures  already  developed  and  available  for  measuring  analogous 
characteristics  for  clear  water  cannot  be  applied  to  debris  flows.  This  is  particularly 
true  for  the  measurement  of  flow  velocity,  because  of  high  flow  density  and  the 
presence  of  boulders  and  smaller  fragments  within  the  moving  mass  that  impedes  the 
use  of  devices  such  as  current  meters,  chemical  tracers,  weirs,  flumes  etc..  A  new 
method  based  on  the  automated  shooting  of  videos  of  debris  flows  and  the  subsequent 
use  of  image  proeessing  techniques  to  measure  superficial  velocities  of  debris  flows  is 
proposed.  This  method  is  based  on  the  direct  computation  of  the  mapping  between  2D 
image  points  and  points  in  the  3D  space  without  resort  to  a  geometric  calibration  of  the 
camera  and  of  the  seene.  The  method  is  applied  to  measure  the  surface  velocities  of  a 
couple  of  debris  flows  that  were  video  recorded  in  1996  in  north-eastern  Italy. 


GAS  CHEMICAL  STUDIES  AT  MERAPI  VOLCANO,  INDONESIA 
M.  Zimmer  and  I.  Erzinger 

GeoForschungsZentrum  Potsdam,  Telegrafenberg,  1 4473  Potsdam,  Germany 
weihei@g&-potsdam.de 

A  specially  designed,  automatic  gas-measuring  device,  consisting  of  a  gas 
chromatograph,  an  alphazintillometer  and  a  temperature  sensor,  was  installed  at  the 
summit  of  Merapi  in  May-June  1997.  Over  several  days,  the  concentrations  of  HjO, 
COj,  SO2  and  HrS  were  measured  every  35  iirins  and  those  of  “Rn  and  ““Rn 
(Thoron),  with  fumarole  temperature,  every  70  mins.  The  data  were  sent  via  radio 
link  to  the  Merapi  Volcano  Observatory  in  Yogyakarta.  Gas  and  fumarole 
condensates  were  sampled  conventionally  and  analysed  for  He-  and  H-  and  O- 
isotopes  at  the  GFZ.  The  data  show  a  positive  correlation  between  SO2  and  CO2,  but 
negative  correlations  between  these  and  H2O.  Gas  concentrations  pulsed  every  3-4 
hours,  SO2  and  CO2  increasing  and  H2O  decreasing,  while  gas  temperamre  and  the 
*®Rn  concentration  both  increased  with  increases  in  gas  velocity.  Increases  in  gas 
pressure  associated  with  larger  SO2  and  CO2  fluxes  may  have  induced  rockfells  and 
related  seismicity  (Suhamo,  pets.  comm.).  The  ’He/«e-ratios  of  S-S.SxlO"*  are 
typical  for  volcanoes  at  convergent  plate  boundaries.  H-  and  0-isotope  data  from 
spring  water  and  fumarole  condensates  indicate  a  dominance  of  meteoric  over 
magmatic  water.  The  results  suggest  that  magma  formation  involves  melting  of  the 
subducted  Australian  Plate  (contaim'ng  trapped  ocean  water).  Fluids  escaping  fimm 
ascending  magma  are  diluted  by  surface  water,  but  their  proportion  helps  constrain 
estimates  of  magma  volume  and  may  aid  forecasts  on  long-term  dome  growth. 


INFLUENCE  OF  HEAVY  RAINFALLS  ON  ROAD  SAFETY 

1.  Becchl,  L.  Domenichinl,  F.  La  Torre  E.  Caporali 
Dipartimento  dl  Ingegnerla  Civile,  Universlta  di  Firenze 

The  VERT  Research  Project,  aimed  at  evaluating  the  Influence  of  heavy 
rainfalls  on  road  safety,  has  recently  been  funded  by  the  European 
Community  BRTTE  Programme.  Within  this  Project  art  experimental 
campaign  will  be  carried  out  to  measure  water  thickness  on  in  service  road 
pavement  surfaces  under  different  rainfall  conditions.  The  survey  will  be 
carried  out  without  any  Interference  with  the  traffic  flow  by  means  of  a 
contactless  technique  based  on  video  image  analysis.  A  self  activating 
monitoring  station  consisting  of  a  videocamera,  an  automatic  pluviometer,  a 
disdrometer  and  a  portable  pc  will  collect  the  experimental  data.  The  results 
will  be  analysed  to  find  out  possible  relationships  between  the  rainfall 
parameters  (rain  Intensity,  duration,  impact  energy)  and  the  water  film 
thickness  measured  analysing  the  videoimages  of  the  water  surface 
collected  during  the  rainfalls.  The  experimental  data  will  be  compared  with 
the  theoretical  ones  predicted  by  a  physical  model  developed  within  the 
VERT  project.  The  model  is  bas^  on  the  road  surfaces  geometric  layout, 
pavement  texture  and  rainfall  intensity.  The  report  will  describe  the 
experimental  set  up  and  will  refer  about  the  preliminary  results  obtained. 


REMOTE  SENSING  TO  EVALUATE  SOIL  HYDROLOGICAL  STATUS  IN 
THE  ARNO  BASIN,  ITALY 

I.  Becchl,  E.  Caporali,  F.  CaparrinI,  G.  Profeti 
Dipartimento  dl  Ingegnerla  Civile,  Universlta  di  Firenze 

Remote  sensing  can  be  a  very  interesting  source  of  distributed  data  for 
large  or  medium  scale  hydrological  modelling,  where  soil  status  and  land 
conditions  can  be  extremely  different  from  one  zone  to  the  other  and  a 
large  amount  of  in-situ  measurement  would  be  necessary.  In  this  study  two 
Lahdsat  TM  images  of  the  lower  part  of  the  Arno  basin  [Tuscany,  Italy] 
taken  in  1991  were  processed  using  several  techniques.  Ouster  analysis 
gave  interesting  results  in  monitoring  the  state  of  soil  and  vegetation  in  the 
two  different  periods  of  the  year.  Clusters  obtained  have  been  compared 
with  the  distribution  of  different  pedological  classes  and  soil  use  and  with 
geomorphological  Informations  from  the  DTM.  Landsat  data  were  used  also 
to  obtain  several  soil  water  content  indexes,  and  produce  maps  of  soil 
moisture.  A  principal  component  analysis  has  been  used  to  obtain  data  that 
are  directly  dependent  on  soil  and  the  less  influenced  as  possible  by  other 
factors  like  vegetation.  Finally,  an  algorithm  to  retrieve  soil  hydraulic 
properties  (permeability,  gravitational  storage,  capillary  storage)  from 
geomorphological  data  (slope,  aspect)  and  pedological  class  has  been 
studied,  using  Monte  C^o  simulation  and  optimization  techniques.  The 
spatially  distributed  soil  hydraulic  properties  have  been  applied  in  a  phlsically 
based  hydrological  model.  The  results  were  compared  with  soil  water 
content  indexes  obtained  from  Landsat  data  analysis  on  two  sub-basins  of 
the  Amo  river. 
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A  NEW  DATABASE  FOR  ENVIRONMENTAL  RISK  ASSESSMENT  AND 
HAZARDS  PREVENTION  IN  THE  VENICE  AREA 

Benvenuto  F.(2),  Marani  A.  fl.2L  Silvestri  S.(2) 

(1)  Istituto  Veneto  di  Scienze,  Lettere  ed  Arti  di  Venezia  (Italy);  (2)  University  di 
Venezia,  Dipaitimento  di  Scienze  Ambientali  (Italy). 
marani@unive.it /Fax: ++39  41 +39  41  5210598. 

A  new  database  has  been  developed  (this  is  the  fourth  version)  to  file  and  make 
available  the  information  (data,  images,  mathematical  models,  bibliography,  etc.) 
in  the  Venice  area.  The  database  has  bran  set  up  the  Istituto  Veneto  di  &ienze, 
Lettere  ed  Arti  (a  long-established  Academy  of  Science)  in  the  main  web  site 
http://www.ivsla.unive.it/slv.  A  work  project  such  as  this  constimtes  a  challenge  on 
account  of  its  wide  spectrum  of  knowledge  and  it  will  be  effective  only  if  it  is 
continuously  updated.  The  data  base  fulfils  many  aims,  in  particular  it  can  be  used: 
to  organise  the  information  collect^  to  promote  the  standardisation  of  the 
measuring  techniques;  to  improve  information-retrieval;  to  verify  the  feasibility  of 
new  projects;  to  find  syriergism  between  available  data;  to  assess  environmental 
risks  and  to  prevent  environmental  hazards;  to  check  safety  measures  step  step 
and  in  real  time;  to  preserve  administrative  transparent  for  technical  choices,  and 
for  other  purposes  too.  Naturally  the  database  we  have  in  mind  can  give  rise  to 
problems  as  well  as  advantages;  for  example,  the  difficulty  of  collecting  knowledge; 
problems  in  checking  data  quality  and  tracer  protocols,  etc..  The  Venice  lagoon  is 
a  very  complex  environmental  ^'sterns  affected  by  a  great  variety  of  natural  and 
human  &ctors  which  characterise  the  area  as  an  exceptional  laboratory  useful  for  a 
multidisciplinary  approach  to  environmental  studies.  The  database  is  an  example  of 
co-operation  among  different  scientific  institutions  with  the  aim  of  identifying, 
describing  the  greatest  quantity  of  information  possible  in  order  to  study  the  causes 
and  effects  of  natural  hazards  in  the  lagoon  and  in  the  surrounding  areas. 


SPECTROMETRY  TECHNIQUES  FOR  IDENTIHCATION  OF  EXPANSIVE 
CLAY  SOILS  AND  DETERMINATION  OF  SWELLING  POTENTIAL 

Sabine  Chahrillatni.  Alexander  F.H.  Goetz[l,2],  Harold  W.  01sen[3], 

Lisa  KrosIey(3],  David  C.  Noe[4] 
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[3]  Colorado  School  of  Mines,  Golden,  CO  USA 
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Swelling  soils  are  a  major  geologic  hazard,  and  expansive  clays  and  clay-shales 
cause  extensive  damage  world-wide  every  year.  The  cost  of  post-construction 
mitigation  is  prohibitive,  and  the  costs  of  standard  engineering  soil  tests  and 
creation  of  regional  maps  is  also  very  high.  One  example  of  this  problem  is  the 
current  situation  in  the  Front  Range  Urban  Corridor  in  Colorado  which  is  underlain . 
by  Cretaceous  clay-shales,  furthermore  with  steeply-dipping  bedrock  strata. 

Smectite  is  the  clay  mineral  group  that  has  the  greatest  swelling  potential  and  is 
responsible  for  most  swelling  soil  damage  in  Colorado. 

We  are  developing  a  field  spectroscopic  technique  for  in-silu  determination  of 
swelling  soil  potential.  Near-infrared  (NIR)  reflectance  spectroscopy  of  swelling 
soils  samples  shows  that  it  is  possible  to  discriminate  among  pure  smectite  and 
mixed  smectite/illite  layers  samples,  and  to  detect  high  water  content  by 
spectroscopic  means.  Spectroscopic  identifications  ate  well  correlated  with 
mineralogical  x-ray  diffraction  analyses  and  geotechnical  engineering  tests. 


LANDSLIDE  INVENTORY,  DENSITY  AND  HAZARD  MAPS: 

A  COMPARISON 

Cardinal!  M.^-.  Carrara  A.2,  GuzzetB  F.^,  and  Reichenbach  P.l 
1  -  CNR-IRPI,  Perugia,  Italy.  2  -  CNR-CSITE,  Bologna,  Italy 

Cartography  Is  a  crucial  aspect  of  any  landslide  hazard  assessment. 

Landslide  maps  most  commonly  prepared  by  geomorphologists  are:  landslide 
inventories;  landslide  density  maps;  and  landslide  hazard  maps.  Their 
purpose  is  to  visualise  the  spatial  distribution  of  landslides  and  to  portray  the 
associated  hazard.  Landslide  maps  can  be  prepared  by  a  variety  of  methods 
depending  on  the  scope,  the  available  resources  and  the  scale.  Inventories 
are  the  simplest  form  of  landslide  mapping.  They  record  the  location  of  all 
landslides  that  left  discernible  features  In  the  area.  They  may  show  the  type 
of  failure  and  the  date  of  occurrence.  Density  maps  are  obtained  by 
interpolating  (In  space)  the  information  available  from  landslide  inventories. 
Proper  interpolation  must  be  guided  by  geomorphologic  constrains.  Hazard 
maps  show  the  distribution  of  landslide  hazard  Inferr^  by  direct  mapping  or 
thorough  Indirect,  qualitative  or  quantitative  modelling.  Examples  of  different 
landslide  maps  prepared  for  the  Umbria-Marche  region  of  Central  Italy  are 
used  to  discuss  the  information  content  and  reliability  of  landslide  maps.  In 
the  attempt  to  limit  the  drawbacks  inherent  In  any  type  of  landslide  map, 
and  in  order  to  maximise  their  information  content,  combination  of  different 
landslide  maps  are  proposed  and  discussed. 


THE  NEW  MAP  OF  SITES  HISTORICALLY  AFFECTED  BY  LANDSLIDES  AND 
FLOODS  IN  ITALY 

Cardinal!  M.*-,  Qpolla  F.^,  Guzzetti  F.^,  Pagliacd  S.^  and  Reichenbach  P.I 
1  -  CNR-IRPI,  Perugia,  Italy.  2  -  SGA,  Genova,  Italy.  3  -  COGEO,  Perugia,  Italy 

In  1989  the  Italian  Minister  of  Civil  Protection  requested  the  Group  for 
Hydrogeological  Disasters  Prevention  to  compile  an  Inventory  of  infonnation  on  areas 
historically  affected  by  landslides  and  floods  In  Italy,  for  the  period  1918-1990. 
Between  1991  and  1992  seventeen  research  teams  worked  on  the  project  collecting 
Information  on  mass  movements  and  floods.  A  total  of  22  journals  were 
systematically  searched  and  350,000  nevrspaper  Issues  were  screened.  About  150 
expert  witnesses  were  interviewed  and  more  than  1400  published  and  unpublished 
technical  and  scientific  reports  were  reviewed.  Information  on  11,000  landslides  and 
on  500  floods  were  collected  and  stored  into  a  computer  database.  A  preliminary  map 
of  sites  affected  by  mass-movements  and  inundations  was  prepared.  Between  1994 
and  1997  an  effort  was  made  to  access  the  reliabilty  of  the  archive  as  well  as  to 
update  the  inventory  for  the  period  1991-1994.  For  the  later,  55  local  or  regional 
journals,  for  a  total  of  about  70,000  newspaper  issues,  were  searched.  Additionally, 
all  sites  known  to  have  been  affected  at  least  once  by  mass-movements  or 
Inundations,  were  mapped  at  1:100.000  scale.  Main  results  are:  an  updated  sinoptic 
map  of  sites  historically  affected  by  hydrogeological  disasters;  a  comprehensive 
catalogue  containing  Information  on  the  location  of  about  30,000  sit^;  and  CD-ROM 
based  archive  of  the  sites  affected  by  mass-movements  or  floods.  Despite  the 
limitations  Inherent  in  a  nation-wide  inventory  prepared  by  searching  newspapers  and 
chronicles,  the  mentined  products  represent  the  most  comprhensive  source  of 
information  on  mass-movements  and  floods  in  Italy  for  this  century.  Further 
Information  can  be  found  at  the  project  web  page  http://avi.gndcl.pg.cnr.lt . 


DECONTAMINATION  SIMULATION  BASED  ON  DETAIL  CS-137  SOIL 
CONTAMINATION  MAPS 

Chesnokov  A.V..  Govorun  A.P.,  Potapov  V.N.,  Shcherbak  S.B. 

RECOM  LTD,  Russian  Research  center  "Kurchatov  Institute” 

Schukinskaya  St.  12-1,  Moscow,  123182,  Russia 

Vast  areas  contaminated  from  accidents  at  the  Chernobyl  NPP  and  the 
"Mayak"  facility  require  the  decontamination  actions  now.  An  effective 
measuring  method  of  a  137-Cs  soil  deposit  In-situ  is  developed  for  detail 
mapping  of  the  these  areas.  Using  this  method  an  electronic  contamination 
maps  (scale  1:50CX)  or  1:2000)  for  settlement  Haltch  (Gomel  region  of 
Belorus)  and  the  Techa  river  flood  plain  near  Muslumovo  (Chelyabinsk 
region  of  Russia)  are  made  now.  They  may  be  considered  as  a  separate 
contamination  levels  of  GIS  developed  for  these  areas.  Based  on 
contamination  maps  a  decontamination  simulation  of  these  territories  was 
carried  out.  A  maps  of  equivalent  dose  rate  (EDR)  distributions  were 
calculated  for  two  decontamination  procedures:  the  removing  of  upper 
contaminated  soil  layer  and  the  covering  of  them  by  clean  sand.  A  total 
volume  of  soil  removed  and  clean  sand  of  covering  was  calculated  too.  An 
efficiency  of  decontamination  is  calculated  as  a  relation  of  average  EDR 
before  and  after  decontamination.  Other  possible  approach  of 
decontamination  actions  Is  to  reach  a  safety  EDR  level  at  the  considered 
area.  Results  of  simulation  of  these  actions  are  presented  as  a  calculated 
map  of  soil  layer  thickness  which  should  be  removed  for  reducing  of  the  EDR 
down  to  the  level  required. 


EVALUATION  OF  FLOODPLAIN  CHANGES  AND  GEOMORPHOLOGICAL 
MAPPING  OF  THE  COASTAL  ZONE  PLAIN  OF  MYZEQ  (ALBANIA)  USING 
LANDSAT  TM  IMAGERY 

P.  Ciavola*,  U.  Tessari,  F.  Mantovani  and  U.  Simeon! 

Dipaitimento  dl  Scienze  Geologiche  e  Paleontologiche  Universit=EO  di  Ferrara 
cvp@dns.unife.it/Fax  +39-532-206468 

The  coastal  plain  of  Myzeq  is  the  largest  coastal  plain  in  Albania,  having  a  surface  of 
about  1900  sq.km.  It  includes  three  main  rivers  (Shkumbini,  Semani  and  Vjos')  and 
two  coastal  lagoons  of  economical  and  ecological  significance  (Karavasta  and  Nartes). 
Since  the  end  of  World  War  II  the  area  has  been  affected  by  reclamation  of  floodplains 
and  wetlands,  creation  of  artificial  canals  for  irrigation,  agricultural  practising  and 
considetable  coastal  changes.  A  geomorphological  evaluation  was  carried  out  using 
Lanrlsat  TM  imagery  covering  a  10-year  period  (1986  and  1996)  to  discriminate 
between  areas  dominated  by  river  flooding  and  areas  subjected  to  coastal  processes. 
Further  information  on  land  reclamation  and  coastal  erosion/accretion  were  obtained 
from  historical  maps  and  orthogonal  aerial  photography.  The  study  discovered  that  a 
large  part  of  the  floodplain  along  rivers  has  been  transformed  into  agricultural  land 
and  most  of  the  coastal  wetlands  along  the  lagoons  have  been  reclaimed.  It  was  noted 
that  the  three  rivers  in  the  area  have  proved  to  be  extremely  active  and  likely  to  rapidly 
change  their  courses  as  it  happened  in  the  years  1962-1963  when  exceptional  floods 
took  place.  The  floodplain  along  the  rivers  was  divided  into  landscape  units  according 
to  what  extent  is  at  present  controlled  by  river  processes.  Buffer  areas  along  river 
courses  were  identified  to  produce  a  flood  susceptibility  zonation  suitable  for  planning 
purposes. 
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TECHNIQUES  FOR  HYDROLOGICAL  RISK  ASSESSMENT  IN  CIVIL 
PROTECTION  PLANNING 

F.  Cipolla  &  C.  Sebastian!  (SGA,  V.le  Cataldi  Bombrini  2/3a,  16145, 
Genova,  Italy) 

Emergency  planning  represents  an  essential  tool  for  an  effective 
management  with  regard  to  hydrological  risk.  Through  a  careful 
analysis  of  dangerous  conditions  a  set  of  possible  scenarious  was 
prepared.  Scenarious  are  used  to  organised  the  assistance  activities 
and  to  make  previsional  system  work.  Unfortunately,  at  present,  in 
Italy  techniques  for  hydrological  risk  evaluation  that  can  be  applied  in 
civil  protection  plannig  are  not  consolidated.  Starting  from  a  real  civil 
protection  plan  a  standard  procedure,  limited  to  particularly  urban 
conditions,  was  prepared.  The  Plan  focus  on  strategies  for  using 
physical,  social  and  economical  parameters  to  identify  the  best 
strategy  in  order  to  minimize  the  expected  damage.  The  study 
provides  the  opportunity  to  test  new  procedures  for  the  production  of 
emergency  plans  and  operational  sequences  that  have  to  be 
managed  by  local  authorities  before,  during  and  after  the  event.  The 
example  provides  guidelines  to  be  used  in  the  given  urban  condition. 


EVALUATION  OF  STREAM  AND  DEBRIS  FLOW  HAZARDS  ON  SMALL 
FANS  ALONG  THE  lNTERSTATE-70  HIGHWAY  CORRIDOR,  CENTRAL 
COLORADO,  U.S.A. 

Jeffrey  A.  Coe*.  Jonathan  W.  Godt',  Mario  Parise^ 

*U.S.  Geological  Survey,  Denver,  Colorado,  U.S.A.,  ^NR  -  CERIST,  Bari,  Italy 
jcoe@usgs.gov,  jgodt@usgs.gov,  cerimp06@area.ba.cnr.it 

Preliminary  results  from  a  U.S.  Geological  Survey  study  of  small  (<0.5  km^)  fans 
along  a  23-lcm  portion  of  Interstate  Highway  70  show  a  moderate  potential  for 
hazardous  stream  and  debris  flow  activity.  The  study  area  is  west  of  Denver, 
Colorado,  one  of  the  fastest  growing  metropolitan  areas  in  the  U.S.,  and  transects 
the  Front  Range  portion  of  the  southern  Rocky  Mountains  along  Clear  Creek,  an 
east-flowing,  formerly  glaciated  drainage.  Morphometric  analysis  utilizing 
Melton’s  basin  ruggedness  number  and  fan  slopes,  combined  with  fan 
classification  based  on  sedimentological  observations,  suggests  that  about  60%  of 
fans  are  of  debris-flow  origin,  30%  of  stream-flow  origin,  and  10%  of  mixed 
origin.  Fan  slopes  become  steeper  and  drainage  basins  become  more  rugged 
above  the  line  of  maximum  glacial  extent.  Historical  records  from  the  last  100 
years  indicate  multiple  depositional  events  on  fans  from  south-flowing  tributaries. 
Detailed  subsurface  mapping  and  radiocarbon  dating  of  fans  from  north-flowing 
tributaries  suggest  that  the  last  major  phase  in  depositional  activity  was  between 
1250  and  1450  AD.  Results  from  several  fans  suggest  that  late  Holocene  activity 
is  distinguished  from  early  Holocene  activity  by  lower  accumulation  rates  (0.2-0.4 
vs.  0.4-0.6  mm/yr.)  and  longer  recurrence  intervals  (200-5000  vs.  100-2000  yrs.) 


ROCK-AvarJurcHES  as  evzdehces  of  faleoseismic  activxtt  in  the 

SIEBBAS  PAHPEAHAS,  ARGEHTIHA 

E.F.  Gonzalez  Diaz’  C.H.  Costa’,  A.D,  Giaccardl’  and  L.E.  Fauque’ 

1)  universldad  de  Buenos  Aires,  Argentina  2]  Universidad  Nacional  de  San 
Luis,  Argentina 

The  Sierras  Pampeanas  are  basement  uplifts  located  in  Central 
Western  Argentina  where  considerable  neotectonic  activity  took 
place  during  Pliocene-Pleistocene  times.  Quaternary  faulting 
along  these  ranges  uplift  front  as  well  as  some  historical 
earthquakes  indicate  that  paleoseismic  records  should  be  studied 
for  a  better  understanding  of  the  regional  seismic  hazard.  Two 
rock-avalanches  have  been  recognized  at  the  northern  piedmont  of 
the  southernmost  Sierra  de  San  Luis.  Differential  preservation 
of  their  geomorphological  attributes  suggests  different  ages. 
Avalanche  accumulations  are  characterized  by  large  blocks . 
Deposits  and  morphologies  belonging  to  the  older  one  are  not 
well  preserved,  hampering  the  reconstruction  of  their 
morphometric  parameters.  However,  deposits  signature  as  well  as 
the  direct  relationship  with  a  hillslope  scar  clearly  indicate  a 
rock  avalanche  nature.  The  younger  one  still  shows  its  original 
morphological  features,  allowing  the  calculation  of  its  volume, 
velocity,  area  covered,  thickness  and  maximum  run-off.  Avalanche 
volumes,  morphotectonic  location,  morphometric  parameters  and 
isolated  occurrence,  favour  the  association  of  these 
geomorphological  features  with  a  seismic  origin.  This  fact  open 
some  interesting  points  as  for  the  regional  seismic  hazard 
characterization  such  as;  earthquakes  with  capabilities  for 
movilizing  important  volumes  of  rocks  took  place  during  the 
Quaternary;  no  rock  avalanches  were  induced  as  a  consequence  of 
the  nearby  1936  San  Francisco  earthquake  M=6.0. 


EVALUATION  OF  MECHANISM  OF  EARTHQUAKE-INDUCED 
LANDSLIDES  BY  ADVANCED  RING-SHEAR  APPARATUS 

Dmitri  A.  Vankov,  graduate  student,  DPRI,  Kyoto  University,  Japan 
E-mail:  mitrich@landslide.dpri.kyoto-u.ac.jp 
Kyoji  Sassa,  Professor,  ditto 

Landslides  triggered  by  earthquakes  occurs  in  seismically  active  regions  in  the  world 
and  causes  numerous  casualties.  The  Nikawa  Landslide  induced  by  the  Hyogo-ken 
Nanbu  earthquake  on  1995.01.17  in  Japan  killed  34  people.  Despite  significant 
progress  achieved  during  last  decades  in  the  field  of  prediction  and  mitigation  of 
landslide  risk,  scientists  ate  not  able  to  cope  with  earthquake-induced  iMdslides 
because:  a)  time  of  tremor  itself  couldn't  be  predicted  and  b)  mechanism  of  initiation 
of  such  landslides  is  different  from  conventional  landslides. 

In  order  to  investigate  the  latter  factor,  new  and  advanced  type  of  ring-shear  apparatus 
was  developed  by  second  author  with  colleagues.  The  using  of  this  device  provides 
unique  possibilities  for  researcher  to  carry  out  complicated  experiments  with  various 
schemes  of  loading  and  parameters  measuring.  Based  on  the  results  of  tests  conducted 
by  new  ring-shear  apparams  several  new  phenomenon  were  observed  and  certain 
progress  in  evaluating  of  seismic-induced  landslide  was  reached. 


SEMI-AUTOMATIC  TEXTURE  SEGMENTAHON  OF  REMOTELY 
SENSED  IMAGERY  FOR  LANDSLIDE  HAZARD  ASSESSMENT 

Javier  HervAs  (1)  and  Paul  L.  Rosin  (2) 

(1)  Joint  Research  Centre,  Space  Applications  Institute,  21020  Ispra  (Va), 
Italy 

(2)  Brunei  University,  Dept,  of  Information  Systems,  Uxbridge,  Middlesex, 

UK 

Image  segmentation  Implies  the  division  of  the  Image  Into  regions  of  similar 
attribute,  where  texture  can  be  taken  as  such  attribute.  On  remotely  sensed 
Imagery  of  landslide-prone  areas  texture  is  often  the  expression  of  specific 
landforms  and/or  vegetation  disruption  patterns  encompassing  landsliding. 
In  this  paper  a  Semi-automatic  texture  segmentation  approach  for 
recognising  unstable  slopes  Is  presented.  The  method  entails  three  main 
stages:  I)  selection  of  training  samples;  II)  texture  transformation  based  on 
the  image  texture  spectrum;  lii)  thresholding  of  the  texture  Image  Into 
discrete  landslide  hazard  zones.  This  technique  has  been  applied  to  both  air¬ 
borne  and  satellite-borne  panchromatic  and  mulUspectral  digital  image  sets 
at  resolutions  ranging  from  3.5  m  to  30  m,  Including  ATM,  IRS-IC  Pan,  SPOT 
Pan  and  Landsat  TM  Imagery  of  a  semi-arld  Mediterranean  area.  On 
multispectral  Imagery,  discriminant  analysis  is  further  undertaken  for 
selecting  the  best  texture-based  segmented  bands.  Adequacy  of  spatial 
resolution  and  spectral  coverage  for  discriminating  landslide-related  texture 
on  imagery  Is  ^Iso  discussed. 


GEOMORPHOLOGICAL  SURVEY  AND  GIS  TECHNIQUES  AS  A  TOOL  FOR 
PREDICTIVE  EROSION  MAPPING 

Ojeda  Guillermo 

Universidad  Nacional  de  San  Luis,  Chacabuco  y  Pedemera,  San  Luis  5700  Argenbna. 
e-mail:  oieda(5)unsl.edu.ar 

In  semiarld  central-western  Argentina,  rainfall  are  enough  to  produce  runoff,  but  still 
scarce  to  generate  a  protective  vegetatloni  cover.  Rfteen  percent  of  the  country  is 
prone  to  erosion  by  water  and  this  affects  specially  the  scarce  productive  areas  of 
this  region.  Erosion  is  principally  significative  nearby  the  border  of  the  San  Luis  range 
and  it  is  develop^  in  loess  cover  overlying  a  Tertiary  paleo-landscape  gently 
undulated.  The  southeastern  range  margin  is  characterized  by  a  high-density  of 
gullies,  some  of  them  forming  ravines  and  hence  disabling  many  areas  for 
agricultural  laboring.  Detailed  geomorphological  cartography  is  being  developed  with 
the  aim  of  determining  the  type,  degree,  evolution  and  distribution  of  eroslonal 
activity.  Working  methodology  includes  the  definition  of  cartographic  units  through 
to  rrc  System  of  geomorphological  survey,  where  the  major  units  are  delimitated 
considering  morfogeneBc  issues.  These  units  were  determined  based  on  aerial 
photos  and  TM  imagery  vrith  scales  ranging  from  1:20,000  to  1:100,000.  Other 
variables  such  as  lithology,  climate,  soils,  topography,  vegetation  and  land  use  have 
been  considered  in  order  to  evaluate  the  erosion  phenomena.  This  information  has 

been  organized  in  a  database,  with  the  aim  of  employing  GIS  capabilities.  By 

overlaying  GIS  cartographies  functions,  geomorphological  units  were  related  with 
gully  distribubon  and  enviromental  data  in  order  to  recognize  the  degree  of 
coincidence  among  them.  This  procedure  is  a  first  approach  for  achieving  empirical 
rules  which  can  lead  to  build  predictive  models. 
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ELEMENTS  OF  RISK  MAPPING  FOR  RAPID  LANDSLIDES 
Otdrich  Hungr 

Dept,  of  Earth  and  Ocean  Sciences,  UBC,  Vancouver,  Canada,  E-mail; 
ohungr@eos.ubc.ca 

Rapid  landslides  can  move  over  considerable  distances  and  pose  danger  to  areas 
remote  from  the  location  of  instability.  In  such  cases,  the  risk  assessment  must  include 
the  determination  of  the  following:  I)  Magnitudes  and  probabilities  of  the  full  range  of 
possible  initial  detachments.  2)  A  spectrum  of  velocities,  reach  distances  and  damage 
corridor  widths.  These  are  obtained  by  applying  suitable  runout  models  to  the  events 
identified  under  1.  (This  step  may  be  refered  to  as  intensity  determination.)  3) 
Vulnerabilities  of  elements  at  risk  to  the  intensity  distributions  obtained  in  2.  4) 
Estimates  of  specific  risks  and  their  accumulation  to  obtain  the  total  risk.  This 
analytical  chain  is  very  complex  and  difficult  to  connect,  particularly  as  many  of  the 
tools  required  to  accomplish  the  individual  tasks  are  poorly  developed.  The  analysis 
can  be  approached  from  two  directions.  The  potential  of  the  source  areas  to  generate 
landslide  events  can  be  studied  first  ("stability  analysis")  and  the  risk  assessment  is 
carried  out  in  the  order  presented  above.  Alternatively,  an  inverse  approach  can  be 
taken,  where  past  impacts  in  the  hazard  area  are  studM  and  a  magnihide-irequency 
relationship  is  derived  backwards  from  such  data.  Two  examples  will  be  given.  The 
first  is  the  risk  assessment  on  a  large  fan  subjected  to  volcanic  debris  flow  hazards. 
The  second  is  a  calculation  of  risks  arising  from  rock  falls  of  different  magnimdes  and 
frequencies,  reaching  a  busy  highway. 


ANALYSIS  OF  SLOPE  GRADIENT  ANTECEDENT  TO  LANDSLIDE 
FOR  PRIMARILY  SLIDE  SUSCEPTIBILITY  MAPPINGS 

Tetsuya  KUBOTA. 

Envimninent  Scienco  Dept,  F«c.  Agri..  Tottori  Univcreity,  TOTTORI.  680,  JAPAN 
E-mail:kubol@agr.tott<iri-u.«c,jp,  Fax.:  +81-857-3t-5347 

Mapping  of  the  areas  with  unstable  slope  is  important  to  decide  the  priority  of  slope 
stabilization  works,  as  woU  as  to  plan  warning  and  evacuation  for  residents,  railrosds, 
highways  etc.  In  this  situation,  topographical  factors  have  been  adopted  in  order  to 
investigate  landslide  susceptibility  with  geological  and  meteorological  ones.  In  this 
study,  "Slope  gradient  antecedent  to  landslide"  discussed  as  a  index  in  susceptibility 
investigation  for  primarily  slides  which  are  up  to  certain  percentogo  of  landslides(40!« 
in  Japan,)  In  this  context,  it  is  necessary  to  have  the  slope  angle  (antecedent  and  poet- 
slide)  ,  Hence,  antecedent  slope  an^e  9  o  and  post-slide  angle  9  are  investigated  with 
several  landslides  including  some  historical  ones  that  are  restored  using  "Critical  Slip 
Surface  Analysis  by  Dynamic  ProgrammingCCSSDP)'.  historical  records,  geological 
knowledge.  The  CSSDP  can  search  the  critical  slip  surface  which  has  minimum  factor 
of  safety(Fs)  in  given  slope  structures.  Consequently,  the  slope  ratio  C  =  9  o  /  9  of  08 
S  r  £0,9  was  gained  as  average  values  for  all  geology. 

It  is  a  important  information  to  detect  the  susceptible  slope  relevant  to  primarily 
landslides. 


MODELLING  THE  INFLUENCE  OF  VEGETATION  CLEARANCE  IN  THE 
OCCURRENCE  OF  SHALLOW  LANDSLIDES 

R.Massiiri_  and  P.M.  Atkinson 

University  of  Southampton,  UK,  rmassari@omniway.sm;  pma@soton.ac.uk 

Several  previous  studies  have  found  that  the  removal  of  a  dense  vegetation  cover  often 
leads  to  slope  instability.  In  the  short  term  it  increases  the  receipt  of  precipitation  at  the 
ground  surface,  which  can  result  in  accelerated  erosion  as  well  as  shallow  landslides. 
In  the  long  term,  with  a  gradual  decrease  in  toot  strength,  it  may  also  cause  deep 
landslides.  The  landslide  susceptibility  of  an  area  around  Monte  Nerone,  in  the 
Umbto-Marchean  Apetmines  (Italy)  was  estimated  using  generalised  linear  modelling. 
Geological  and  geomorphological  slope  features  were  stored  in  a  GIS  database 
(Atkinson  and  Massari,  1998;  Massari  and  Atkinson,  submitted).  Modelling  results 
confirmed  that,  particularly  for  landslides  on  earth,  going  from  bate  soil  to  ploughed 
ground,  uncultivated,  pasture,  open  forest  and  forest,  tfiete  is  a  clear  decrease  in 
landslide  susceptibility.  Since  50%  of  the  area  studied  is  at  present  coveted  by  forest, 
a  change  in  land  use  of  these  areas  would  increase  their  llandslide  susceptibility.  The 
statistical  model  obtained  from  past  earth-slumps  and  earth-flows  was  applied  to 
present  and  possible  future  conditions.  This  allowed  the  forecasting  of  the  effect  of 
vegetation  clearance  on  landslide  susceptibility,  and  the  mapping  of  the  most  sensitive 
areas.  Overall,  around  30%  of  the  area  now  covered  by  forest  would  become  unstable. 
Particularly  sensitive  are  those  areas  where  predominantly  marly  formations  outcrop. 


THE  STUDY  OF  LAND  SUBSIDENCE  IN  THE  REGIONS  OF 
SOFIA,  SKOPJE  AND  TIRANA 

M.Matova,  G.Frangov,  R.Petkovski’,  S.AIiaj" 

Geological  Institute  of  BAS,  Sofia  1113;  e-mail: 
matova@geology.acad.bg 

TZIlS,  Skopje  91  000,  e-mail:  rade@pluto.iziis.ukim.edu.mk 
""Seismological  Institute,  Tirana;  e-mail:  alia]@seizmo.tirana.al 

The  Project  of  BAS-UNESCO  had  permitted  the  starting  of  the  inter¬ 
national  investigation  about  the  expert  assessment  of  the  land  sub¬ 
sidence  in  the  three  Balkan  big  cities.  The  causes  of  the  land  subsi¬ 
dence  are  not  only  the  hydrogeological  characteristics,  but  also  the 
engineering  geological  conditions.  The  last  ones  include  the  different 
peculiarities  of  the  soils  and  the  rocks,  the  influence  of  the  gravity 
processes,  the  processes  of  the  karstification,  the  neotectonic 
mobility,  the  seismic  activity. 

Two  Meetings  were  realised,  respectively  in  Sofia  (1996)  and 
Skopje  (1997).  Their  materials  were  published.  The  main  scientific 
conclusions  shown  that  in  the  three  big  cities  the  favour  for  land 
subsidence  natural  factors  are  going  in  combination  with  technogenic 
ones. 


GULLY  EROSION  IN  VINEYARD  PARCELS  IN  THE  NE  SPAIN.  A 
STUDY  OF  DETERMINING  FACTORS. 

A.  Meyer  &  J.A.  Martinez-Casasnovas 

Department  of  Environment  &  Soil  Sdence.  University  of  Lleida  (Spain). 
Meyer-a@dpgeo.geog.uni-hannover.de;  J.Martinez@macs.udl.es 

Vineyard  cropping  ^tems  and  terrain  characteristics  in  the  NE  Spain 
Mediterranean  area  favour  gully  development.  Many  parcels  have  Men 
redesigned  to  achieve  longer  vine  rows  and  lower  slope  degrees  to  facilitate 
mechanisation.  This  has  implied  huge  soil  movements  that  have  not  been 
effective  to  avoid  gully  erosion.  To  know  about  gully  erosion  related  factors 
in  vineyard  parcels  of  NE  Spain  Mediterranean  area,  two  representative 
catchments,  of  approximately  20  km2  each,  in  the  Alt  Penedes-Anoia  region 
were  studied.  A  total  of  40  parcels  (20  wiflr  evidences  of  gully  erosion  and 
20  without  evidences)  were  sampled,  taking  easurements  of  slope  length, 
de^ec  and  form,  aspect,  vine  rows  orientation,  flow  concentration  in  the 
parcel,  connection  of  channels  to  main  networks,  soil  characteristics,  erosion 
control  measures,  etc.  The  statistical  analysis  reveals  slope  degree  and  terrain 
roughness  as  the  most  important  terrain  related  determining  factors;  and  top 
layer  haracteristics  as  clay  content,  organic  matter  content  and  surface 
stoniness  as  soil  related  determining  factors.  Regarding  vineyard 
management  practices,  convergence  of  water  flow  in  drainage  channels  and 
terraces,  and  presence  of  areas  with  incoherent  materials  are  the  most 
important  factors  determining  mliy  erosion.  This  study  was  carried  out 
within  a  GIS  environment,  and  the  output  information  can  be  used  for 
effective  gully  control  plans  and  vineyard  parcel  design  in  Mediterranean 
area  (NE  Spain). 


MODELLING  THE  PROBABILITY  OF  GULLY  DEVELOPMENT  IN 
VINEYARD  PARCELS. 

A.  Meyer  &  JA.  Martinez-Casasnovas 

Department  of  Envirorunent  &  Soil  Science.  University  of  Lleida  (Spain) 
Meyer-a@cipgeo.geog.uni-haimover.de;  J.Martinez@macs.udl.es. 

An  important  extension  of  the  NE  Spain  Mediterranean  area  has  a  high  risk 
of  gully  erosion  due  to  rainfall  and  lithological  characteristics.  In  some 
regions,  as  the  Alt  Penedes-Anoia  (Catalonia),  specific  land  uses  as  vineyards 
cemtribute  to  increase  the  risk.  This  study  presents  a  method  to  model  the 
risk  of  gully  development  in  vineyard  parcels.  The  risk  is  evaluated  in  terms 
of  the  probability  that  ephemeral  gullies  develop  in  a  parcel,  depending  on 
terrain  and  cropping  system  variables.  A  total  of  40  parcels  (20  with  gully 
erosion  and  20  without)  were  studied  and  sampled  according  to  a  list  of  33 
variables  (relief,  soil,  CTopping  system  and  management  practices 
characteristics).  To  identify  the  ractors  explaining  the  existence  of  gully 
erosion  (considering  correlation  between  factors),  a  stepwise  selection  was 
performed.  The  selected  factors,  slope  degree  and  slope  form  in  this  case 
study,  were  considered  as  variables  in  a  logistic  regression  of  binary 
response.  This  produced  an  equation  that  computes  the  probability  of  gully 
development  with  a  Good-of-Fit  value  of  0.842.  TOe  method  was 
implemented  in  a  raster  based  GIS,  and  the  terrain  variables  for  the 
application  of  the  model  were  obtained  from  a  25  m  resolution  DEM.  The 
validation  of  the  model  in  other  52  parcels  yielded  an  overall  accuracy  of 
84.6%.  The  risk  of  gully  erosion  increases  with  the  slope  degree  in  an 
exponential  way  and  from  convex  to  concave  contour  form. 
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INDIRECT  EVALUATION  OF  EROSION  USING  DEM  AND  RE¬ 
MOTE  SENSING  TECHNIQUES 

S.  Oliveri,  C.A.  Brunori,  C.  Giardino,  L.  Luzi,  M.  Pepe  and  E.  Zilioli 
CNR/IRRS;  via  Bassini,  19  -  20133  Milano  (Italy), 
bninoriflirrs. mi. cnr.it/Fax:  [+39]  2  23699  298 

The  evolution  of  dynamical  land  processes  and  soil  erosion  which  are  strong 
responsible  for  landscape  modification  in  the  river  watershed,  require  intense 
monitoring  activities.  The  use  of  GIS  is  a  consolidated  technique  in  the  study 
of  hydrogeological  hazard  within  a  specific  hydrographic  unit.  A  correlation 
analysis  between  different  quantities  derived  essentially  from  geomorphology 
and  remote  sensing  data,  was  accomplished,  in  order  to  archieve  indirect  and 
synoptic  evaluation  of  the  erosion  occurring  in  a  watershed.  To  the  aim  a  DEM 
was  applied  to  a  quantitative  empirical  model  for  the  hydrographic  network 
analysis,  to  archive  geometric  information  about  drainage  density,  tributary  hi- 
erarchization  and  morphometric  parameters.  Secondarily,  LANDSAT-TM  and 
aerial  image  spectrometric  data  were  considered  for  physical  and  environmental 
evaluation.  The  explored  methodology  consists  of  correlating  different  observa¬ 
tions  spatially  distributed,  starting  from  the  divide  line  down  to  the  estuarine 
zone.  The  availability  of  hyperspectral  data  from  MIVIS  surveys,  almost  in  re¬ 
lation  to  the  satellite  overpass,  becomes  a  unique  opportunity  for  a  description 
of  the  dispersion  of  suspended  load  in  the  river  plume  and  to  assess  its  rela¬ 
tionship  and  impact  onto  the  sea  coast.  The  study  area  is  the  Esino  rivershed 
(central  Italy),  facing  to  the  Adriatic  sea. 


CONTRIBUTION  OF  DETAILED  SURHCIAL  MAPPING  IN 
THE  RECONNAISSANCE  OF  MULTI-EVENT  LANDSLIDES 
IN  POSTGLACIAL  MARINE  CLAYS 


Paradis.  S.  J..  Ferret  D..  Bdein.  C. 

Geological  survey  of  Canada 
Centre  g6oscientifique  de  Quebec 
email:  paradis@gsc.nrcan.gc.ca 

Landslides  in  the  Chicoutimi-La  Baie  area,  central  Quebec,  have  been  mapped  at 
two  main  scales:  a  local  detailed  scale  (1 : 1  000)  for  urban  engineering  and 
geotechnical  purposes  and  a  more  regional  scale  ( 1 :50  000)  for  earth  scientists  and 
land  use  planners.  However,  systematic  surficiat  mapping  using  black  and  white 
aerial  photographs  at  a  scale  of  1:15  000  has  proven  to  be  a  more  efficient  method  to 
investigate  and  understand  the  complex  history  and  distribution  of  multi-event 
landslides.  These  landslides  occur  in  thick  marine  clays  that  were  deposited  in 
Laflamme  Sea  between  about  10  250  and  8  500  years  B.P.  Marine  regression  has 
left  a  series  of  stepped  marine  terraces  at  elevations  ranging  from  160  m  down  to 
modem  shores  of  the  Saguenay  fjiord.  Detailed  cartography  shows  that  the  regional 
scale  (kiiometric)  landslide  scars  are  laterally  associated  to  some  marine  terraces  and 
that  a  robust  relative  chronology  can  be  established  for  large  sets  of  landslides 
mainly  on  the  basis  of  the  staircase  distribution  of  multi-scale  scars. 
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GEOMORPHOLOGICAL  MAPPING  AND  GIS  TECHNIQUES 
FOR  PREDICTING  GEOMORPHOLOGICAL  HAZARDS 

L.  Ortigosa  (1),  J.  Amjez  fP  and  J.M.  Garc(a-Ruiz  (2) 

(I)  Dept  of  Geography,  University  of  La  Rioja,  Logrono,  Spain.  (2)  Instituto 
Pirenaico  de  Ecologfa,  Campus  de  Aula  Dei,  Apartado  202, 50080-Zaragoza,  Spain. 
dimas@eniac.es 

This  paper  focuses  on  the  fact  that  the  prediction  of  geomotphic  hazards  needs  the 
complementariety  of  geomorphological  mapping  and  GIS.  Several  maps  of  the 
Central  Spanish  Renees  and  the  Iberian  System  have  been  elaborated  at  a  1:50,000 
scale,  including  very  heterogeneous  topographic  conditions  and  a  great  variety  of 
lithologies.  All  the  mass  movements  (planar  slides,  slumps,  teriacettes,  solifluction 
lobes,  debris  flows)  have  been  digitized.  At  the  same  time  land-uses,  plant  cover, 
gradient  and  exposure  maps  have  been  also  elaborated  and  all  the  information 
implemented  in  a  Geographic  Information  System.  The  use  of  multivariate  statistical 
procedures  allows  us  to  predict  the  most  hazardous  areas  with  a  high  confidence 
level. 


GEOMORPHOLOGICAL  HAZARDS  FROM  THE  POSSIBLE 
SEA-LEVEL  RISE:  CASE  STUDY  FOR  THE  SEA  OF  AZOV 

A.  Selivanov 

Geography  Deptartment,  Lomonosov  Moscow  State  University,  Moscow 

Possibie  sea-level  rise  will  afffect  sea  coasts  not  only  by  passive  inundation 
but,  to  the  much  greater  extent,  by  various  types  of  geomorphological 
reformation.  An  Integrated  methodology  for  assessment  of  change  on  sea 
coasts  under  the  possible  accelerated  sea-level  rise  in  the  nearest  decades  is 
presented.  The  methodology  is  based  upon  the  concept  of  various 
morphodynamic  types  of  sea  coasts  and  a  probabilistic  prediction  of 
shoreline  retreat  values.  Both  palaeogeographic  data  and  direct  observations 
are  used  to  establish  patterns  and  intensity  of  coastal  morphological 
changes.  A  case  study  analysis  for  the  coasts  of  the  Sea  of  Azov  In  the 
borders  of  Russia  under  the  1-meter  global  mean  sea-level  rise  by  2100  is 
presented.  Loess  escarpments  and  drift-aligned  sandy  spits  will  be  most 
vulnerable  to  this  process.  In  several  segments  of  the  coastal  zone, 
morphological  changes  will  possibly  become  catastrophic.  Shoreline  retreat 
by  the  end  of  the  21st  century  can  be  as  high  as  300-500  m  for  erosinal 
scarps  and  over  1  km  for  depositional  bodies.  Total  economic  losses  otal 
economic  losses  from  the  sea-level  rise  can  be  as  high  as  US$  3,000,000  per 
a  kilometer  of  shoreline  length. 


GEOMORPHOLOGICAL  MAPPING  FOR  LANDSLIDE  HAZARD 
ASSESSMENT  IN  THE  DOLOMITES  (ITALY) 

Panizzji  M.*.  Corsuli  A.*,  Gandolfi  M.*,  MarchetU  M.*  and  Soldari  M.* 

*  Dipartimento  di  Scienze  della  Terra,  University  degli  Studi  di  Modena,  Largo  S. 
Eufemia  19-41100  Modena,  Italy,  e-mail:  soldaU@unimo.it 

The  authors  describe  the  mapping  methodology  adopted  for  landslide  hazard 
assessment  within  the  framework  of  the  Newtech  lYoject,  funded  by  the 
Environment  and  Ciimate  Programme  of  the  European  Union. 

The  work  is  carried  out  in  three  phases. 

The  first  phase  consists  of  a  geomotphoiogical  analysis  of  the  study  area  that  allows 
a  standard  geomorphological  map  on  a  1:25.000  to  1:10.000  scale  (1)  to  be  laid  out 
The  data  obtained  can  be  implemented  into  a  GIS. 

The  second  phase  consists  of  a  slope  instability  analysis  which  is  divided  in  two 
parts.  One  part  is  &  geomorphological  map  applied  to  slope  instability  analysis  on  a 
1:5000  scale  (2a)  which  derives  from  die  standard  geomorphological  map  throughout 
Uie  idenUfication  and  the  further  characterisation  of  unstable  areas  of  different  degree 
of  activity.  The  other  part  is  a  document  containing  geotechnical  and  geomechanical 
data  (2b)  that  permits  the  causes  and  the  evolution  of  landslides  to  be  better 
understood  and  characteritied.  The  data  obtained  can  be  implemented  into  a  GIS. 

The  third  phase  consists  of  a  landslide  hazard  map  containing  two  basic  elements; 
landslide  phenomena  (3a)  and  landslide  prediction  (3b).  The  first  element  is  obtained 
from  map  2a  throughout  data  processing  and  selecUon  for  landslide  purposes:  it 
depicts  Uie  spaUal  and  the  temporal  distribution  of  landslides  in  the  study  area  thus 
the  effects  of  slope  instability.  The  second  element  is  obtained  throughout  the 
identificaUon  of  the  causes  of  each  type  of  landslides  and  by  means  of  comparisons 
and  analysis  based  on  staUsUcal  modeis  supported  by  a  GIS:  it  depicts  land 
subdivision  in  stabie  and  unstable  areas. 

The  poster  Ulustrates  the  various  ph.ases  of  the  methodology  with  particular  reference 
to  the  area  of  Corvara  in  Badia  (Dolomites). 


CONTROLS  ON  GEOMORPHOLOGICAL  EFFECTS  CAUSED  BY 
CATASTROPHIC  FLOODING  IN  A  SMALL  MID-MOUNTAIN  DRAINAGE 
BASIN 

Roman  Zurawek 

Department  of  Geomorphology,  Geographical  Institute,  University  of  Wroclaw 
E-Mail:  zurawek@geogr.uni.wroc.pl 

Geomorphological  mapping  was  carried  out  in  a  small  mid-mountain  drainage  basin 
in  the  East  Sudetes,  SW  Poland,  in  order  to  identify  geomotphic  changes  resulting 
from  the  catastrophic  rain&U  and  floods  in  July  1997.  Spectacular  landscape  changes 
due  to  erosion  and  accumulation  were  the  consequence  of  abnormally  high  discharge, 
estimated  to  be  at  least  90  times  higher  than  the  mean  discharge.  Intensity  and 
character  of  geomorphological  processes  were  primarily  controlled  by  three  fltetors: 
(1)  geomorphologicd  setting  within  the  catchment,  (2)  anthropogenic  influence  on 
the  environment  and  (3)  natural  vegetation  cover.  The  longest  avulsion  of  the  river  as 
well  as  the  most  intensive  lateral  erosion,  have  taken  place  in  the  alluvial  &n  setting 
below  a  high  fault-generated  mountain  fi-ont.  The  river  has  changed  hs  planfoim  6om 
a  single  channel  pattern  into  the  braided  one  and  destroyed  the  village  situated  at  the 
foot  of  the  mountain  front.  Upstream  from  the  mountain  margin,  in  valley  sections 
with  the  slope  exceeding  30%o  downcutting  and,  occasionally,  mass  movements  on 
the  valley  sides  have  dominated.  In  the  lower  course  of  the  river  erosion  has  not  been 
significamly  active.  Distribution  of  gully  erosion  and  sheet  wash  was  controlled  by 
the  degree  of  human  impact  on  mountain  slopes. 
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COPING  WITH  FLOODS:  A  PROPOSAL  FOR  A  MUSEUM  IN  “ 
FLORENCE 

F.  Bazzocchi,  G.  Cacioli  Paciscopi  and  G.  Profeti 
Dipartimento  di  Ingegneria  Civile,  Universita  di  Firenze,  Italy. 

This  paper  is  dealing  with  the  proposal  of  a  particular  kind  of  museum  which 
firstly  aims  at  contributing  to  the  birth  of  an  environmental  culture  through 
the  complete  documentation  over  the  floods  in  order  to  cope  correctly  with 
these  natural  hazards.  This  exhibition  is  focused  on  the  hazards  of  the  City  of 
Florence  and  is  build  in  way  to  be  satisfactory  for  both  the  general  attendance, 
as  tourists  and  scholars,  and  the  specialist  one,  as  scientists  and  researchers. 
The  museum  space  is  arranged  around  a  large  scale  model  of  Florence  particu¬ 
larly  designed  to  simulate  the  flooding  phenomena  through  the  town,  allowing 
the  calibration  of  more  sophisticated  mathematical  models.  Thus,  it  is  twofold 
the  function  of  such  a  structure:  didactic  and  scientific  at  the  same  time.  More¬ 
over,  the  museum  shows  the  aids  of  real-time  monitoring  systems  to  control  the 
catchment  hydrological  behavior;  a  lot  of  documentation  is  collected  to  illus¬ 
trate  the  geomorphological  and  historical  aspects  of  the  flooding  in  the  Arno 
basin.  Interactive  spaces  are  also  planned:  virtuality  and  multimediality  can 
well  play  a  determinant  role  in  the  sensibilizatiori  of  the  visitor. 


3-D  VISUALISATION  OF  A  TORNADO  GENERATING  MULTI¬ 
CELLULAR  HAILSTORM 
D.  N.  Bresch  and  W.  Schmid 
Atmospheric  Physics  ETH,  8093  Ziirich,  Switzerland. 

Severe  convection  and  associated  phenomena  (heavy  precipitation,  hail,  gust 
fronts,  downbursts,  vortices,  tornadoes)  are  complex  and  multi-  dimensional. 
To  improve  our  understanding  of  severe  convection,  one  requires  multidimen¬ 
sional  measurements  of  key  parameters  (such  as  radar  reflectivity  and  Doppler 
velocity)  and  it  is  desirable  to  have  sophisticated  computer  tools  for  visuali¬ 
sation  and  efficient  analysis  of  the  data.  The  latter  tools  enable  the  scientific 
results  to  be  encapsulated  and  communicated  effectively  to  a  larger  public. 

Here  an  approach  is  shown  for  the  direct  visualisation  of  three-dimensional 
computer  animations  of  radar  measurements  of  a  severe  hail-  and  windstorm 
that  occurred  in  Northern  Switzerland  on  July  22,  1995.  The  storm  spawned 
a  downburst/tornado  that  left  a  significant  “damage  track”  of  about  15  km 
in  length  and  some  100  m  in  width.  Volumetric  radar  data  (radar  reflectivity, 
Doppler  velocity,  vortex  signature,  shear  zones  every  2.5  min.)  of  the  devel¬ 
oping  and  evolving  hailcloud  are  processed  on  a  workstation  with  the  Argos 
visualisation  software.  The  animation  displays  the  observed  phenomena  in  a 
realistic  framework  (high-resolution  rendering)  and  an  intuitive  approach  to¬ 
wards  a  better  understanding  of  the  thunderstorm  structure  and  its  evolution 
is  achieved. 


CONVEYING  SaENTIFIC  INFORMATION  TO  THE  USERS:  THE 
EXPERIENCE  OF  THE  GNOa  INFORMATION  DELIVERY  SYSTEM 

Cardinal!  M.‘,  Guzzetti  F.*.  Reichenbach  P.‘  and  G.  TonellP 

1  -  CNR-IRPI,  Perugia,  Italy 

2  -  PAC  s.r.l.,  Bologna,  Italy 

The  Italian  National  Research  Council,  Group  for  Hydrological  and  Geological 
Hazard  Prevention  (CNR-GNOa)  has  developed  and  maintains  a  web  site 
(http://www.gndci.pg.cnr.it/)  and  a  set  of  data-bases 
(http://wwwdb.gndci.pg.cnr.it/)  distributing  information  on  hydrological  and 
geological  hazards.  The  aim  of  the  system  Is  to  disseminate  a  vast  amount 
of  data,  informafion  and  expertise  to  civil  defence  authorities,  expert  users, 
the  media  and  the  general  public.  Databases  presently  available  Include: 
addresses  of  research  teams  currently  active  within  GNDQ;  the  list  of  GNDQ 
publicab'ons  and  reports;  the  IRP  Library  data-base;  the  AW  inventory, 
containing  historical  information  on  more  than  10,000  landslides  and  5000 
flooding  events  occurred  in  Italy  In  this  century;  and  mean  daily  discharge 
values  for  70  gauging  stations  In  Central  Italy.  The  system,  exploiting  the 
potential  of  Internet  and  of  new  software  tools,  allows  both  the  retrieval  of 
hypertext  documents  and  to  perform  remote  queries,  either  pre-defined  or 
free;  the  later  using  the  SQL  language.  Query  result  provide  the  opportunity 
for  submitting  new  queries  by  pointing  and  clicking,  making  Informatio 
retrieval  quite  efficent.  Current  activity  aims  at:  including  new  data-bases  on 
historical  discharge  and  rainfall  data;  preparing  functions  for  generating 
summary  reports;  producing  maps  at  various  scales. 


A  MAN-MACHINE  CONVERSATION  MODEL  FOR  REAL¬ 
TIME  MANAGEMENT  OF  EMERGENCY  SITUATIONS 

L.Garrole*'*  and  J.Cuena 

UnivcTsidad  PoHtdcnica  de  Madrid  (I)  ETS  Ing.  Caminos  (2)  Fac.lnformdtica 
email  si01@dumbo.caminos.ump.es 

Computerized  decision-support  tools  are  difficult  to  manage  without 
full  understanding  of  all  model  complexities.  This  fact  limits  their 
real-time  use  by  decision  makers,  who  usually  are  inexperienced  users 
of  these  type  of  models.  In  this  paper,  a  knowledge-based  conversation 
model  between  man  and  machine  for  emergency  situations  is 
proposed.  The  model  is  conceived  to  support  human  operation  of  an 
emergency  situation  (flood,  chemical  spill,  forest  fire,  etc.)  in 
connection  with  a  telemetry  system  and  an  underlying  model  of  the 
physical  process.  Emphasis  is  placed  on  transfer  of  information  to  the 
user.  The  user  can  get  answers  from  the  model  regarding  two  areas  of 
decision:  (1)  what  events  are  happening  or  may  happen  and  why;  and 
(2)  what  decisions  to  take,  what  will  be  their  consequences  and  why. 
These  questions  may  be  referred  to  different  spatial  and  temporal 
environments. 


INTEROPERABILITY  SYSTEMS  FOR  SUPPORTING 
DECISION-MAKERS  IN  THE  ENVIRONMENT  SECTOR 

S.  Nativi  (1),  E.  Palmisano  (t),  G.  Federici  (2)  and  E.  Bugii  (3) 

(1)  PIN  -  Centro  Studi  Ingegneria,  (2)  Dipartimento  di  Ingegneria  Civile, 
Universita  di  Firenze,  Italy,  (3)  AAT  S.r.l.. 

This  paper  is  meant  to  describe  the  E-Mail  project,  funded  by  the  European 
Union  within  the  Telematics  Application  Programme  -  Environment  Sector. 
The  project  is  carried  out  by  an  international  consortium  of  partners  for  de¬ 
veloping  of  telematics  applications  for  the  support  of  decision-makers  within 
public  administrations  in  the  environment  sector.  The  E-  MAIL  applications  are 
designed  in  order  to  assist  in  environmental  monitoring  and  planning  by  means 
of  data  set  provided  by  different  sources,  processed  through  an  integrated  set 
of  tools.  The  objective  is  to  provide  the  users  with  efficient  tools  to  deal  with 
environmental  planning  and  management,  e.g.  water  resources  management, 
pollution  and  industrial  risks.  Such  tools  are  developed  in  order  to  implement 
interoperability  among  heterogeneous  environmental  systems,  adopting  a  high- 
level  geomatic  model.  A  survey  on  the  present  main  geomatic  standardisations 
was  carried  out,  and  an  OGIS  main  model  has  been  adopted  along  with  the 
CEN-TC287  meta  modelling  approach.  E-MAIL  activity  is  carried  out  through 
four  countries,  Italy,  France,  UK  and  Greece;  each  country  develops  a  partic¬ 
ular  application  according  to  the  needs  surveyed  within  the  involved  public 
administrations.  As  far  as  Italy  is  concerned,  a  demonstrator  is  being  built  for 
the  management  of  hydraulic  risk  planning  in  cooperation  with  the  Arno  River 
Basin  Authority  and  the  Tuscan  Regional  Government. 
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INFORMATION  DISSEMINATION  OF  THE  SEISMICITY  OF 
ITALIAN  AREA  THROUGH  THE  GNDT  WEB  SITE 
G.  Rubbia  Rinaldi  (1),  M.  Padula  (1),  D.  Rota  (1)  and  A.  Zerga  (2) 

(1)  Istituto  per  le  Tecnologie  Inforrriatiche  Multimediali  -  CNR  Milano  Italy, 

(2)  Istituto  di  Ricerca  sul  Rischio  Sismico  -  CNR  Milano  Italy. 

The  GNDT  web  site  supplies  information  and  results  of  activities  and  inves¬ 
tigation  carried  out  by  GNDT  -  Gruppo  Nazionale  per  la  Difesa  dal'lier- 
remoti  (Italian  National  Group  for  Protection  against  Earthquakes).  Aim 
is  to  exploit  the  potential  of  Internet  as  the  main  means  of  disseminat¬ 
ing  data  and  making  information  and  databanks  available  to  expert  users 
seismologists,  geologists  and  engineers  -  not  excluding  civil  defence  officers 
and  general  public.  On  the  web  site,  progressively  developed  during  1997  at 
http://emidius.itim.mi.cnr,it/GNDT/home.html,  some  GNDT  projects  con¬ 
cerning  the  seismicity  of  Italian  area  -  parametric  earthquake  catalogue,  in¬ 
tensity  databank,  seismogenic  zones,  seismic  hazard,  expedite  damage  scenar¬ 
ios,  Catania  project,  maximum  observed  intensities  in  the  Italian  communes  - 
and  the  web  on  earthquakes  of  September/October  1997  in  Central  Italy  are 
available.  Earthquake  catalogue  of  nearly  2,400  damaging  events  from  1000  to 
1980  and  intensity  databank  containing  36,000  intensity  datapoints  referring  to 
nearly  10,000  localities  are  stored  as  databases  on  which  remote  queries  can  be 
performed  selecting  parameters  and  views  of  interest  through  a  user-oriented 
interface. 


DO  WE  NEED  A  NATURAL  HAZARD  JOURNAL? 

F.  Siccardi 

CIMA-Environmental  Monitoring  Research  Centre,  University  of  Genova,  Via 
Cadorna,  17100  Savona,  Italy. 

The  .Interdisciplinary  Working  Group  on  Natural  Hazards  of  EGS  is  develop¬ 
ing,  and  the  question  of  the  existing  Journals  dealing  with  our  problems  has 
to  be  discussed.  The  technical  and  scientific  contents  of  the  existing  journals 
and  periodical  publications  are  shortly  reviewed.  From  such  an  analysis  it  is 
made  evident  that  the  broad  scope  makes  difficult  to  maintain  a  high  stan¬ 
dard;  the  hope  that  good  disciplinary  con  tributions  are  capable  to  produce 
good  interdisciplinary  interactions  is  definitely  failing.  The  experience  of  the 
Italian  Research  Groups  for  Prevention  from  Hydrogeological  Hazard,  Earth¬ 
quake  Hazard  and  Volcanic  Hazard  is  shortly  discussed.  In  the  field  of  Natural 
Hazards  the  scientific  communication  should  help  to  efficiently  exchange  ideas, 
not  among  scientists  in  the  same  discipline,  but  across  scientists  of  different 
disciplines.  If  a  Journal  is  the  best  tool  to  do  so,  and  how  to  control  its  quality 
and  efficiency,  is  a  matter  of  discussion. 


DEVELOPING  AN  AGROMETEOROLOGICAL  INFORMATION 
SYSTEM  TO  MITIGATE  THE  EFFECTS  OF  DROUGHT 
Cs.  Szinell  (1)  and  D.  Wilhite  (2) 

(1)  Hungarian  Meteorological  Service,  1525-'Budapest,  PO  Box  38,  (2)  National 
Drought  Mitigation  Center,  University  of  Nebraska,  Lincoln,  U.S.A. 
szinellCmet.hu/Fax:  [36  1]  212  5159 

Drought  is  a  recurrent  feature  of  the  Hungarian  landscape.  Since  the  early 
1980s,  droughts  have  resulted  in  severe  losses  in  the  agricultural  sector  with 
serious  consequences  on  the  national  economy.  These  severe  droughts  have  co¬ 
incided  with  the  transition  of  the  economy  towards  a  market-based  economy 
with  widespread  private  ownership.  The  Hungarian  Meteorological  Service  has 
initiated  a  3-  year  project  with  the  U.S.  National  Drought  Mitigation  Center 
to  modify  and  update  the  current  agrometeorological  information  system  to 
deliver  a  suite  of  timely  products  to  users  in  the  agricultural  sector.  These 
products  (e.g.  soil  moisture  maps,  precipitation  updates)  will  help  agricultural 
producers  make  timely  decisions  aimed  at  reducing  the  effects  of  drought.  This 
paper  will  report  on  the  objectives  and  progress  to  date  in  the  development  of 
this  agrometeorological  information  system. 
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Subscription  Rate 
Member  DEM 

150,- 

Postage  Surcharge 
incl. 

Student 

DEM 

55,- 

incl. 

Em.  Sc. 

DEM 

55,- 

incl. 

Hydrology  and  Earth  System  Sciences  ('4  issues/  year) 
The  international  and  interdisciplinary  journal  for  the 
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achievements  of  Louis  Eugene  Felix  Neel,  who  shared  the 
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Earth  Geophysics  (SE)  in  recognition  of  the  scientific 
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uals  in  recognition  of  their  outstanding  contributions  to 
Solid  Earth  Geophysics  in  general. 
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This  medal  has  been  established  in  recognition  of  the 
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8.  John  Dalton  Medal  (since  1997) 

This  medal  as  been  established  by  the  Section  on  Hydrolog¬ 
ical  Sciences  (HS)  in  recognition  of  the  scientific  achieve¬ 
ments  of  John  Dalton.  It  will  be  awarded  by  the  European 
Geophysical  Society  for  distinguished  research  in  Hydrolo¬ 
gy  viewed  as  an  Earth  science. 

9.  Fridtjof  Nansen  (since  1996) 

This  medal  has  been  established  by  the  Section  on  Oceans 
and  Atmosphere  (OA)  in  recognition  of  the  scientific 
achievements  of  Fridtjof  Nansen.  It  will  be  awarded  by  the 
European  Geophysical  Society  for  distinguished  research  in 
Oceanography. 
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This  medal  has  been  established  in  1995  hy  the  Section  on 
Oceans  and  Atmosphere  (OA)  in  recognition  of  the  scientif¬ 
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Terrestrial  Sciences  (ST)  in  recognition  of  the  scientific 
achievement  of  Julius  Bartels.  It  is  reserved  for  outstanding 
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recognition  of  the  scientific  achievements  of  Hannes 
Alfven,  to  be  awarded  for  outstanding  scientific  contribu¬ 
tions  towards  the  understanding  of  plasma  processes  in  the 
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Working  Group  (IWG)  on  Natural  Hazards  (NH)  in  recog¬ 
nition  of  the  scientific  achievement  of  Sergey  Soloviev.  It 
is  reserved  for  scientists  for  their  exceptional  contributions 
to  natural  hazards,  in  particular,  for  their  research  aiming  at 
an  improvement  of  our  knowledge  of  basic  principles  as 
well  as  for  the  assessment  and  proper  mitigation  of  hazards 
in  view  of  environmental  protection  and  the  integrity  of 
human  life  and  socio-economic  systems. 

16.  Young  Scientists’  Travel  Award  (since  1977) 

These  awards  are  intended  to  help  young  European  scien¬ 
tists  or  young  scientists  working  in  Europe  to  attend  the 
scientific  conferences  of  the  Society  by  providing  a  finan¬ 
cial  contribution  to  the  cost  of  travel  of  max.  500  Swiss 
France  &  free  registration. 

17.  Keith  Runcorn  Travel  Award  (since  1997) 

These  awards  are  intended  to  assist  a  limited  number  of 
young  American  scientists  to  attend  the  General  Assemblies 
of  the  Society  by  providing  a  financial  support  to  their 
travel  expenditures  of  max.  500  US$  &  free  registration. 

18.  East  European  Support  Award  (since  1989) 

These  awards  are  intended  to  help  scientists  from  the 
countries  in  East-Europe  to  attend  the  scientific  conferences 
of  the  Society  by  covering  health  insurance,  local  travel 
costs,  conference  fees,  accommodation  costs,  and  some 
modest  amount  for  daily  expenses. 
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publication  in  one  of  the  official  journals  of  the  EGS  by  1  December,  you  are 
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